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Board of Patent Appeals and Interferences 
US Patent and Trademark Office 
PC Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sirs: 

I, the undersigned, Dr. Richard W. Scott, residing at 961 Wes Moore Drive, West Chester, 
PA 19382 declare and state as follows based on my personal knowledge: 



L My Background 

1, I have a Ph.D. in Microbiology from the University of Pennsylvania. Between 
1985 and 1990, 1 w^as a Principal Investigator for E. I. DuPont deNemours, From 1991-2001, 1 
worked for Cephaion, Inc., first as a Senior Scientist, then as a Director, Senior Director, and, 
finally, Vice President. I was Director, Center for Technology Transfer at the University of 
Pennsylvania betw een November 2001 and November 2002. Since December 2002, 1 have been 
Vice President of Research at PolyMedix, Inc. ("PolyMedix"). A copy of my curriculum vitae is 
attached as Exhibit 1 , 

2, As Vice President of Research, 1 oversee the scientists who identify lead 
compounds for further development. (Exhibit 1 , page 1 .) Some of these compounds are synthetic, 
small, antimicrobial molecules containing a repeating subunit of two aromatic rings linked by a 
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peptide bond . Other compounds currently being tested are amphiphilic molecules containing two 

aromatic rings linked by a peptide bond. All of these compounds are classified as defensin- 
mimetic compounds. 

3. The research teams identified and selected tvvo lead compounds that have 
successfiiUy completed human Phase 1 clinical trials and are currently in Phase 2 clinical trials, 
(/ii.) One compound in Phase 2 clinical trials is a defen sin-mimetic compound that has shown 
activity against stapbylococcaj agents. (Id,) Therefore, as expected and designed, this compound 
exhibits antimicrobial activity. The antimicrobial compound in Phase 2 clinical trials is a 
synthetic^ amphiphilic, small molecule containing a peptide bond connecting two aromatic rings. 



11. PolyMedix 

4. PolyMedix w^as founded in 2002, by Nicholas Landekic, William DeGBrado, and 
myself. For the past nine (9) years, PolyMedix has worked to develop lead compounds using 
pioneering, proprietary^ computational drug design technology invented by Drs. William DeGrado 
and Michael Klein. (Exhibit 2.) Drs. DeGrado and Klein, as well as others, developed this 
technology while at the University of Pennsy lvania^ (Id.) 

5 . PolyMedix has exclusively licensed technology ft^om the Trustees of the University 
of Pennsylvania. This exclusive license includes patents and pending applications to the patents 
and pending patent applications directed to compounds identified using the pioneering, proprietary 
computational dmg design technology and the uses of these compounds, including the application 
that is the subject of this appeal. 
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6. A video of Nicholas Landekic, co-foimder, President, Chief Executive Officer, and 
Director of PoiyMedix, is available at http ://w^viv ;poiyryiedi.xxom/ (last accessed June 16, 201 1). 
In the video, Mr. Landekic describes the founding, research, funding, and intellectual property of 
PoiyMedix, including the compounds PoiyMedix currently has in clinical trials. 

7, PoiyMedix is involved in important research to identify and develop effecti ve 
treatments of microbial infections. As evidence of the importance of PolyMedix's research efforts, 
it has received mul tiple grants to develop antimicrobial and anti-heparin oligomers that fall within 
one or more claims originally filed in the above-captioned application. For example, PoiyMedix 
has received grants and research contracts from the National Institutes of Health ("NIH*'), Defense 
Threat Reduction Agency ("DTR7^"), Office of Naval Research, U.S. Army Research Office, and 
U.S. Government's Qualifying Therapeutic Discovery Project ("QTDP'*). (Exhibits 3-8.) 
Examples of recent grants and contracts Po iyMedix has received are as follows. 

a. PoiyMedix and the University of Massachusetts - Amherst received a 
$750,000 Phase 2 Small Business Technology Transfer ("STTR") contract fixrm the U.S. Army 
Research Office to conduct further testing on antimicrobiai compounds. (Exhibit 3.) 

b. PoiyMedix was awarded two cash grants totaling $488,958 under QTDP to 
develop (i) PMX-30063, a novel defensin-mimetic antibiotic compound that is in a Phase 2 
clinical trial as an initial treatment for Acute Bacterial Skin and Skin Structure Infections caused 
by Staph and (ii) PMX-6005(5, a synthetic small-molecule anticoagulant reversing agent. (Exhibit 
4.) 

c. PoiyMedix received a $986,000 Phase 2 grant from the NIB to support the 
development of defensin mimetic antimicrobial compounds for the treatment of oral candidiasis. 
(Exhibits.) 
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d. PolyMedix and the University of Massachusetts - Amherst received a grant 
from the Cooperative Research Partnerships for Biodefense and Emerging Infectious Disease of 
the NIH to develop antimicrobial defensin-mimetic compounds for biodefense and food-borne 
infectious diseases, Ihe potential value of the grant is up to a total of $6.6 milhon over a five year 
period, (Exhibit 6,) 

e. PolyMedix and the University of Massachusetts received a Phase I STTR 
sponsored by the Office of Naval Research in an amount up to $99,838 to identify lead 
antimicrobial compounds against bacteria that are the most relevant to the military. (Exhibit 7.) 

f . PolyMedix received a $ 1 . 6 million research contract from DTRA to develop 
new defensin-mimetic antibiotic compounds to combat biowarfare pathogens. (Exhibit 8.) 

HI, Pioneermg^ Proprietary Computer Modeling Technology 

■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ MuuuuuuuaL d uuuuuuuuuuud n uuuiiuii^^ 

8. Langreth, R,, '^Antibiotic Artisan/' Forbes, 187:42--44 (February 14, 201 i) ("the 
Forbes article") profiled Dr. DeGrado and the computational computer modeling technology he 
developed with Dr. Klein that PolyMedix has utilized in developing antimicrobial compounds. A 
copy of the Forbes article is provided as Exhibit 9. 

a. According to the Forbes article, while biotech companies generally create 
new drugs by making only small changes to natural proteins, this is not the path Drs. DeGrado and 
Klein took. Specifically, the Forbes article discloses that " [t]he biotech industry creates new drugs 
by making tweaks to natural proteins. University of Pennsylvania chemist William DeGrado is 
more of an artist than a t\\^eaker. He has spent much of thi s career desi gning new proteins from 
scratch . . . (Exhibit 9, p. 42.) 
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b . The Forbes article also discloses that "DeGrado, with the help of a powerful 
supercomputer siniulation, has created new antibiotics that mimic natural ones but are far simpler 
to produce and more stable." (/<rf., p. 44.) 

c . Further, the Forbes artici e states that " [t] he first antibiotic from this work i s 
now in human trials at the biotech firm PolyMedix, which DeGrado cofounded in 2002, In animal 
tests PolyMedix's drug PN4X-30063 is at least as powerful as the gold standard hospital antibiotic 
vancomycin at killing key strains/* (Id,) 

d. The defensin mimetic antimicrobial compounds are new and unlike any 
previous antimicrobial drug compounds. Drs. DeGrado and Klein developed a pioneering, 
proprietary^ computational technology to aid in the design of these compounds. 

9. The specification of the above-captioned application describes computer-aided 

computational techniques able to select potential antimicrobi al oligomers. (Specification, pp, 108- 

112, paras. [0269]-[0277].) 

a. According to the specification of the above-captioned application, "[t]he 

polymers and oligomers of the present invention are designed using computer-aided com putational 

techniques, such as de novo design techniques, to embody the amphiphilic properties believed to 

be important for activity." {Id., p. 108, para. [0269].) Specifically, according to the specification, 

In general, de novo design of oligomers is done by defining a 
three-dimensional framework of the backbone assembled 
firom a repeating sequence of monomers using molecular 
dynamics and quantum force field calculations. Next, side 
groups are computationally grafted onto the backbone to 
maximize diversity and maintain drug-like properties. The 
best combinations of functional groups are then 
computationally selected to produce a cationic, amphiphilic 
structures. Representative compounds are sjmthesized from 
this selected librarj^ to verify structures and test their 
biological activity. 
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{Id,, pp. 108-09, para. [0269].) 

b. The currently pending application discloses that in one embodiment, the 
computation technique used to identify polymer backbones that can produce faciall}^ amphiphilic 
polymers and oligomers involves: 

(1) selecting a [sic] polymer backbones or scaffolds 
suitable for regiospecitlc introduction of polar (P) and 
nonpolar (NP) groups; 

(2) determining parameters for a molecular mechanics 
force field utilizing ab initio quantum mechanical 
calculations; 

(3) calculating energetically accessible conformations of 
the backbone using molecular dynamics or molecular 

mechanics calculations; 

(4) identifying energetically accessible contbrmations of 
the backbone wherein the periodicity of a 
geometrical/confomiational repeat matches a 
sequence repeat; 

(5) synthesizing monomers with polar and nonpolar 
substituents; [and] 

(6) synthesizing an antimicrobial polymer containing the 
monomers by solution or solid-phase synthesis, 

(M,p. 112, para. [0277].) 

1 0. The specitlcation of the above-tiled application indicates that Tew, G.N,, et aL, ''De 
novo design of biomimetic antimicrobial polymers," PNAS, 99: 5110-5114 (2002) ("the Tew 
paper") discloses ar>4amide polymers designed using de novo computational design techniques. 
(Specification, p. 9, [0021].) A copj^ of the Tew paper is provided as Exhibit 10. 

a. The Tew paper lists Gregorj'^ N. Tew, Dahui Liu, Bin Chen, Robert J, 
Doerksen, Justin Kaplan, Patrick J. Can:-oll, Michael L. Klein, and William F. DeGrado as authors 
and describes the computational techniques Drs. DeGrado, Klein, and Tew used to design 
amphiphilic polymers and oligomers exhibiting antimicrobial activity. (Exhibit 10, p. 5111.) 
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b. According to the Tew paper, "[cjriticai to the design of folded polymers is 
t he development of accurate computational methods, analogous to those developed for peptide and 
protein structures that can predict low-energy confonnations of the backbone." (/<rf.) 

c. Therefore, the Tew paper discloses that the pioneering computational 
techniques developed b)^ Drs, DeGrado, Klein, Tew, and others were utilized to design new 
oligomers having a common structure and activity. 

TV. The '102 Patent 

IL On March 7, 2002, PCT application No. PCT/XJS02/22043 ("the *043 PCT 
application"), listing William F. DeGrado, Gregory N. Tew, Michael L. Klein, Dahui Liu, and 
Jing Yuan as inventors, was filed, claiming the benefit of U.S. Provisional Application No. 
60/274,145, filed March 8, 200L U.S. application No. 10/471,028 ("the *028 application") is a 
national stage entry application of the '043 PCT application. The '028 application issued as U.S. 
Patent No. 7,173,102 ("the '102 patent"). A copy of the *102 patent is attached as Exhibit 1 1. 

a. The '102 patent is the first U.S. patent with claims directed to facially 
amphiphilic poljaners designed using the pioneering, proprietary computational drug design 
technology of Drs. DeGrado, Klein, Tew » and others discussed in Section III above. 

b. Specifically, the claims of the '102 patent are directed to facially 
amphiphilic polymers and their uses in microbiocidal compositions that are to be applied to 
surfaces of a substrate, such as plastic, wood, or cloth. (Exhibit 1 1, col. 33, line 1 to coL 46, line 
56.) 

c. For example, claim 1 of the M 02 patent is directed to a genus of polymers or 
oligomers that encompass polyarylamides substituted with polar and nonpolar groups. (Exhibit 



- 8 - DEGliADO et ai 

Atty. Dkt. No. 1694.0630003 AppL No. 10/80L951 

(Appeal No. 2010-005832) 

11, coL 33, line 1 to coL 34, line 14.) The substituted polyarylaniides of the '102 patent can 
contain repeating subunits of two aromatic rings linked by a peptide bond, f liese polymers and 
oligomers can contain 2 to about 500 polyar\'^lamide subunits. Therefore, the polyTners and 
oligomers of claim 1 of the M02 patent contain 4 to about 1000 aromatic rings each linked by an 
amide bond. 

d. Additionally, claims 26 and 27 of the '1 02 patent are directed to a method of 
killing microorganisms comprising providing a substrate (claim 26) that is selected from the group 
consisting of wood, swthetic polymers, plastics, natural and synthetic fibers, cloth, paper, rubber 
and glass (claim 27) having disposed thereof a contact killing, facially amphiphilic polymer or 
oligomer of claims L 14, or 20, and placing the facially amphiphilic polymer or oligomer on the 
substrate in contact with a microorganism to allow^ formation of pores in the cell wall of the 
microorganism. (Exhibit 11, col. 45, lines 14-36.) Therefore, the claims of the *102 patent are 
directed to a method of applying a polymer or oligomer containing up to about 1000 aromatic 
rings linked by an amide bond to a substrate, such as wood, a synthetic polymer, a plastic, a 
natural or synthetic fiber, cloth, paper, rubber, or glass. 

V, The '951 Application 

12. The above-captioned application, U.S. Application No. 10/801,951 ("the *951 
application"), was filed March 17, 2004, claiming the benefit of U.S. Provisional Application Nos. 
60/455,479, filed March 17, 2003; 60/530,630, filed December 19, 2003; and 60/536,980, filed 
January 20, 2004, The *951 application lists William F, DeGrado, Dahui Liu, Gregory N, Tew\ 
Michael L. Klein, Jing Yuan, and Sungwook Choi as inventors. 
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a. The subject matter of the '951 appiication is a further application of the 
pioneering computationai drug design technology of Drs. DeGrado, Klein, Tew, and others 
discussed in Section III above. 

b. The inventors of the '951 application discovered that shorter amphiphilic 
oligomers are effective when utilized in a pharmaceutical composition administered to an animal 
to treat a microbial infection in the animal, a different use than that claimed b}' the M02 patent. 
Specifically, the '951 application is directed to "methods of use of facially ampbipbilic polymers 
and oligomers, including pharmaceutical uses of the pohnners and oligomers as antimicrobial 
agents and antidotes for hemorrhagic complications associated with heparin therapy.*' 
(Specification, p. l^ para. [0002].) 

c. The '95 1 application discloses that naturally occurring host defense peptides 
with bactericidal, antifungal, and antiviral activit>% although composed of many different amino 
acid sequences, possess similar physicocheniical properties, specificaity facial amphiphilicity, 
(Specification, pp. 2-6, para. [0004]~[0013].) Specifically, the '951 application states, "facial 
amphiphi licity, i.e.^ the aligDment of polar (hydrophilic) and nonpolar (hydrophobic) side chains 
on opposite faces of a secondary structural element fomied by the peptide backbone, and not 
amino acid sequence or any particular secondary/tertiary structure, chirality or receptor specificity, 
is responsible for the biological activity of these peptides." (Specification, p. 6, para. [0013].) 
Therefore, naturally occuning antimicrobial peptides have a conmion secondaiy and tertiarj^ 
structure consisting of polar and nonpolar groups - amphiphilicity. 

d. The '95 1 application discloses that the oligomers of the invention, including 
the oligomers of claims 16-48 of the '951 application, were designed to mimic the aniphiphilic 
structure of the naturally occumng antimicrobial peptides. Specifically, according to the '951 
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application, "these compounds niimic the structure and biological activity of host defense peptides 
, . . (Specification, p. 15, para. [0059],) "The polymers and oligomers of the present invention 
are capable of adopting amphiphilic conformations that allow for the segregation of polar and 
nonpolar regions of the molecule into different spatial regions and provide the basis for a number 
of uses," (Specification, p, 16, para. [0062],) Therefore, the *951 application discloses that the 
oligomers were designed based upon the common secondary and tertiary structure consisting of 
polar and nonpolar groups of the naturally occurring antimicrobial peptides - an amphiphilic 
structure. 

e. The '95 1 specification also discloses that it is the amphiphilic structure of 
the oligomers of the invention that is responsible for the antimicrobial activity of the oligomers of 
the invention, including the oligomers of claims 16--48. Specifically, the *951 specification 
discloses that "polymers and oligomers of the invention adopt amphiphilic conformations that are 
capable of disrupting the integrity of the cell membrane of microorganisms, resulting in the 
inhibition of growth or the death of the microorganisms. As a consequence, the polymers and 
oiigomers have a broad range of antimicrobiai activity and are etTective against a variety of 
microorganisms, including gram-positive and gram-negative bacterial, fungi, yeast, mycoplasmas, 
mycobacteria, protozoa, and the like." (Specification, p. 16, para. [0062].) Therefore, the '951 
specification discloses that the common amphiphilic structure of the oligomers of the invention is 
responsible for their exhibited antimicrobial activity. 

f . The '95 1 specification further discloses that these synthetic amphiphilic 
oligomers are cheaper to prepare and are safer than the naturally occurring peptides. Specifically, 
the '95 1 specification indicates that the ''non-pep ti die mimetics are significantly smaller and easier 
to prepare than their naturally occurring counterparts . . . are significantly less toxic towards 
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human erythrocytes, much less expensive to prepare, and are expected to be much more stable in 
vivo'' (Specification, p, 15, para. [0059],) 

g. The '95 1 specification discloses that in addition to the common amphiphilic 
stmcture of the oligomers of the invention, the oligomers also have a common core stracture. This 
common core stmcture constitutes aromatic or aliphatic monomers, such as an aromatic ring, 
linked by an amide or an ester bond, (Specification, pp. 17-18, para. [0067].) 

h. Furthermore, the '95 1 specification discloses that because the synthetic 
amphiphilic oligomers mimic the structure of naturally occurring peptides, bacterial resistant 
strains are unlikely to occur, (Specification, p, 15, para. [0059] ("[B]ecause these compounds 
mimic the structure and biological activity of host defense peptides, the appearance of bacterial 
resistant strains is vQTy unlikely to occur."),) 

i. Therefore, the *951 specification discloses that the inventors designed 
antiniicrobiai oligomers containing a peptide bond linking two aromatic rings and that also are 
amphiphilic - having a hydrophobic face and a hydrophilic face. 

13. PoiyMedix has conducted in vitro and in vivo studies utilizing aniphiphilic 
oligomers containing a peptide bond linking two aromatic rings. The results fi"om these studies 
confirm that oligomers having this common peptide-aromatic core and that also have an 
amphiphilic structure exhibit antimicrobial activit\^ 

14. In fact, the claims as originally filed in the *95 1 application encompass oligomers 
currently in Phase 2 clinical trials sponsored by PoiyMedix. Furthermore, the claims as originally 
filed encompass a genus of oligomers that is the subject of further research and development by 
PoiyMedix. 
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IV, The Principle laventors of the ^102 Patent and the ^951 Applicatioii 

15. Dr. William DeGrado, a co-founder and member of PoiyMedix's Scientific 
Advisory Board, is Raizus Professor of Biochemistry and Biophj^sics at the Medical School of the 
University of Pennsylvania, (Exhibits 2, 9, 12, & 13.) Dr, DeGrado is also an adjunct member of 
the Chemistry Department at the University of Pennsylvania. (Exhibits 12 & 13.) Dr. DeGrado is 
a member of the National Academy of Sciences and the American Academy of Arts and Sciences. 
(Exhibits 2, 12, & 13.) Additionally, Dr. DeGrado has earned the Merry field and Hirschman 
Chemistry^ Awards. (Exhibits 2 & 13.) Dr. DeGrado has published more than 250 papers and has 
many patents. (Exhibits 2, 12, & 13.) 

16. Dr. Michael Klein, also a member of PoiyMedix's Scientific Advisor}^ Board, was 
Director of the Laboratory for Research on the Structure of Matter at the University of 
Pennsylvania before he retired from the University of Pennsylvania in 2009, (Exhibits 2 & 14.) 
Dr. Klein became the director of the new Institute for Computation Molecular Science at Temple 
University . (Exhibits 9 & 14.) Dr. Klein is a member of the National Academy of Sciences, the 
Royal Society, and the American Academy of Ails and Sciences, and he has published more than 
500 papers. (Exhibits 2 & 14.) 

17. Dr. Gregory N. Tew, a member of PoiyMedix's Scientific Advisor>'^ Board, is 
currently an Associate Professor in the Polymer Science and Engineering Department at the 
University of Massachusetts ~- Amherst. (Exhibits 2 <& 15.) He was a post-doctoral fellow^ in Dr. 
DeGrado's laboratory between 2000 and 2001 . (Exhibits 9 & 1 5.) Dr, Tew has published more 
than 100 papers and has received several prestigious scientific awards, including the PEC AS E 
award for Scientists and Engineers, one of the highest honors given by the U.S. federal 
govemment for young scientists. (Exhibits 12 & 15.) 



Atty. Dkt. No. 1694.0630003 



- 13 - 



DEGliADO et ai 
AppL No. 10/80L951 
(Appeal No. 2010-005832) 



V;L University Developed leveotions 

18, As indicated on my curriculum vitae, I was the Director of the Center for 
Technology Transfer at the University of Pennsylvania. (Exhibit 1.) 

a. In my experience, inventors affiliated with universities often develop and 
patent cu tting-edge technologies with broad application. Universities do not have the resources to 
commercially develop the cutting-edge, platform technologies. Instead, the universities would 
license these patents to companies which invest the time and money required to commercially 
develop the patented technology. 

b. This is exactly what occuixed regarding this pioneering invention. In the 
present instance, PoiyMedix was formed to commercialize the discoveries and inventions of Drs. 
DeGrado, Klein, Tew, and their associates, 

VII. Value of Iiilellectiial Property to Small Biotech Companies 

19. A broad intellectual propeity (IP) foundation is critically important for investor 
interest in start-up and young biotechnology companies. 

a. In the early years of a company*s lifetime, the path of product development 
is often unpredictable, especially with a ground-breaking, platform technolog\'^ where many 
applications are possible. Theretore, investors seek protection over a wide range of potential 
products and product applications to permit development along the most productiv e avenues which 
are often not knowi until years later. Investors thus invest in the prospect of future drugs as 
evidenced by the strength of the intellectual property. 
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b. A broad IP basis is also important to protect a company's developing 
product line from iook-alike products that share the overall design principles but differ in specific, 
possibly insignificant^ features. Without this level of protection, investors are war\^ to participate 
from fear in losing their investment to follow-on companies that have exploited the other 
compan/s groundbreaking technolog>^ by finding holes in its intellectual property. 

c. In short, without breadth and depth of intellectual property protection, it is 
impossible to obtain financing for a start-up biotechnology company, and the development of 
many desperately needed medicines would not occur. 

d. PolyMedix is a small, start-up company, developing a pioneering platform 
technology. Therefore, the scope of its intellectual property is an important consideration for 
investors and thus is a vital property asset. 

20, PolyMedix is currently investigating a large number of compounds for 
antimicrobial, antiviral, antifungal, and anti-heparin activity and is still in the early stages of 
identifying and developing additional active compounds. Because of the time and expense 
req uired to investigate, identify and develop lead compounds, PolyMedix needs assurance that it 
has broad patent protection. If PolyMedix had to investigate compounds within a narrow claim 
scope, PolyMedix w^ould be limited in as to which compounds were tested. As such, some 
compounds that Polj'Medix may eventually find to be the most effective may never have been 
developed if PolyMedix was unable to pursue and acquire broad patent protection. 
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21. I hereby declare that all statements made herein of my own knowledge ai'e true and 
that all statements made on information and belief ai^e believed to be true; and further that these 
statements were made with the knowledge that willfxil false statemerkts and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code md that sacli willfui false slateinents may jeopardize the validity of the present patent 
application or any patent issued thereon. 



Respeotfully submitted. 




A 



Richard W. Scott, Ph.D. 
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Exhibit 3 PolyMedix Press Release dated November 16, 2010 

Exhibit 4 PolyMedix Press Release dated November 3, 2010 

Exhibit 5 PolyMedix Press Release dated September 30, 2010 

Exhibit 6 PolyMedix Press Release dated July 27, 2009 

Exhibit 7 PolyMedix Press Release dated July 23, 2009 

Exhibit 8 i^olyMedix Press t^^elease dated June 2, 2009 

Exhibit 9 Langreth, R., "Antibiotic Artisan," Forbes, 187:42-44 (February 14, 201 1) 

Exhibit 10 Tew, G.N., et aL, PNAS 99:51 10-51 14 (2002) 

Exhibit 1 1 U.S. Patent No. 7,173,102 B2 

Exhibit 12 PolyMedix Press Release dated November 23, 2010 

Exhibit 13 Curriculum Vitae for Dr, William F. DeGrado 

Exhibit 14 Curriculum Vitae for Dr. Michael L. Klein 

Exhibit 15 Curriculum Vitae for Gregory Tqw 
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* S-ynthstit sn>^jJ^-E»c.>[ecyie srEiscc-^f^uJant; r<t;v^^t-;^fnf|ag${>t-. Pc^yt'-^'Sd^x S-f^s a>f^^pf:eS?j>*.1 four ^^h^>$>?: 1 cHoiCti^ tfi^^lfj 



PtJiiyHedix is d pi^biidy tr^^ded fofat€:chnafogy ccjr?>p^rty fbcus$td .m th^ dev^foijni erit of oov^l ^t\ig% for the fcr^^tm^nt of serjoys 
mfecfcloLis diseases t$rid acutc: c^rdiavsm{iB^ PoJyMedix uses a rsfcional drug d«*s?§f^ spprtJtieh to c:re<jtfi 

snrjfiill .mofecu^e:'driJ9:;c3Adidafces PHX-:-3.0O535-^. ■J%JyHe?ii><:-s -lead ■snt3:bic>tj<:^;f:ampfjiirsd thBt:-^Sxc:urE'^fTOy in.Phcise: ■^:.dmict5r tria^s^: fe:3: 
$rmn mojiectj^ethat mimics; hum^n; ^mt -mf^m pr^m^ns. ^r\^. ?^aiS,a. :n^s:ch:arT^sm of actiof^; imm- ; of - pirr§nt;:ant;|if:*totic. 

compqjund for serious sy^t^mlc St:aphyloc!>ces? lof ectlon^, Incfudi r^g meitf^ictijin resistant ^tapH^fo^^^ ^amm (MRSA PMX- 
$0dS6/ J^i[yH^d?x's 1^ four dinical tPtaJs%^<it IS: i>«jjng d^vslojje^ to j^tiV^gj-sfe thgi 

anticoagulant ^ctmt^^ t?cth hepartn and low m^J^^ct^lar vyei^j^jt^^J^^ PHX -60^^56 could p^st^iEitls^Ey 

i>e a s^f^f and «s^fer to us:^ arsticpsisuiant i5r0?!<Jer ^tctlyity, t^i^n te^^e^ 

r«>veif^t !iO h^jSann. j?oJVI*^edj)4 ^tm plafis ttJ continue th« devebprni^snt 0f M ?djYCi<i«^^> pcj|y:fT?^Hc formwistions; as antim jcr^fclQl 
bjoirnstenals, whic^^ lised as additives to pl^i^tfc:??, and tSiXtfeto tf^be st^f^Stenljziii^^ 
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Exhibit 5 



wss ?iv^a^>rf<^d -^00?^, Po^y^^fi<ji>^ ifi<^r2j:i:i^<jrf s^ver^s^ f$?Ti«iJ d^fj?nsif? f:^5ifTi:p0yndj> ^ith c^ct^^W a^air^^it C^^M^^^^^^ 

RfCNrcl Sc0£t, Vies P!'e5id^f\t f<^ Rs*<j^srch s^e Po;iyM^<^jx> "We fcf^^i^ve our simirmoif^^^ ^i^f^^-is^so murt^dc com[:«>tjj^<S^: 

j^pms^flt a mwi ^W^^^^ V Q^^'^i^mm ^m^tsM tr^^ th^^ pmn^ Ijfe^thm^terssn^ ii^fisctforts, w^ttj the 

Jrnp<srt<3J>t advsrjtBge of limf£{?^ fer tile tj^v^jiapm^jnt 0f rsssstafis:^, Seveia^ of oi^r £j«tesir>^mirrtst:i<:^ ^intsa^ 

mmpour^ds hav^? ctemQfjstrs^ed prarrJisisn^j i5<ti^^^^ th^t often cause humsn mfscti<jus dSs^a^es md are 

resistant to i^^iisl^rjg fe^^^^ With ^isi ftidd?^^^ WiS i^ns ebf^til^us o^.jf r^^^ iJt ^J^v^jisoj-jJn^ ?i 



din-its^ trim jj> Csn<sd5$ to «?^f^^:-6cy of J^I>;IX^30063 pstm ifiiSis^ treat !?>si nt fer ;A^:i!t!S B 

"$km Sksn Sti^iictujie ?r^^<ii^idns (/^iSSSSl j by: s^^^iy^Ss frsj^T? t¥^i>:f^?>ssse l:i^udj^i^:deff3i>?^^^ 

' W^M ^ ^^(^ Mmir^^ dlvji^iE?*^ }do??^Si. «i(fs?5?d«Ji3 ^earatjeiaJ ^f^JiKsd:^«s Jievi^is^^ip^ 

^5n|>T5<ii jT?M«i^. |h *$^3d|^^^ ^f'^X-^i^O^^ Staph bztt:!^m>% }mhiiiim H^^^A^^^ mmm \n bt<!t^ ^mf>:ti^^r^'>m fnm 



Idfecticjij?? diseases an^ scwtss s^r^^io^iscuJ^ ^isbrd^srs?. r^oiyw^^avs? .?^5 a ri^S^Qnal <3f ^!«*^^fi sppj*i53<;h tss. c:r<5at^3s ?ion-|ii^pSd€? 

cof?:5i3Pi^Tld for s?isn<iys w^^^^o> Sissx^hyJocccool jnfoctlO?>s*, kido:dh"ig J^ii5thjcjji;d ^'^sJ^Jt^snt; jsuf^^u-j (^^RS^^). FHX> 

3f^t!d>^^digf«s^cJ:?v% :0f ti&m ss^^ iovi? m&iki^^r w h^^j^^rrtis^ Pcsi^M^J^ i^?^^^60^^§ cb}M ^^/m^^ 

bsorrjaiisrjsisSj ^ikh c^n b^e o$«d additives td j^^ pj^isfe^ asr^d toxUl^es^i^ pj"Paisi:t5 2nd sijffsf:?is. f^sr 



i-iitii^if ft?cfi*rs th3t- mutd c^usii ^cixi^! r^^vits ■io ■i^iff^rm^mrmffy- ffom: t^ic$it-'^j<pr^^<^d-m f<5?^<i{'d^kxik!m i^t&tvm^nts, P^iiyM^iiix'^ ^omp^>;/f>(^s m^)^ wtst 
sa(Xff<c^fo^^y ay!rii>fm^ diaicm le^tfff^^: orM granted regtfM^w/ ■^pprov^HG:b^:$i>kf- a/><?- tn^irkoiiii^'fn-.tM: Unit^ St&t^s or i^^sewmm.. A.mme o>mpfsixt 



birsirlon investor Resfetfej^ 





mmn 



Exhibit 6 



Pmm3^W^^: 



pOiYMsmx AMD imivgRsrrv of Massachusetts amhsrst receive up tq $b.b 

vek^p5:«Qj-t^ it «?"tti?r}io^blisS •j0f^5n?f^n-mUT>«iJ:so cc^mpcuo^^$^ Tor Ij^odf^fense ^^•5!:^ ^in^ijirg^ng food-bome if^f^ct!cw$i i:l)5^e^s$^. 

fmtH m6 s^^^<^cimy pi:^iim'(Vt^(K^: ws"tlvh- bti^-sgsj ths^iSofe^fitsaJ v^Ju^ .c^'the ^mr^t upM m ^^mg^^ mlMm O'^^r th^ 
fiv^ y^jisr pef^ftdv Tf"^^:' amount :0f -Sii^ppDrt ^xps.ct^S:!^- :t<> b^^■■■r:e<.^::l^s^e^^■ .-fc^y .^J^^Jy $3'>5: irst'^^sci^n civer tJ>^- fi^ye^y^sr :pe'!lO:CL 

md ^nig <M^my^^r^ i^«jdmdis-gy<'^^ Laoa^kiC^. iPri5sj<:id:# C:g.O # ^^olyJ^^sid^x, ■'This ssw*fx^ coi^i;^? dna^^^e 

mmd-^itj^^ with $tf5y c^C^v^f^^^ ^-ffea^v sedr:; trj: t^s^^ sfog^e ddse stat^y. Ort June 5^, |^JyM^id;X ar^n^ 
^nit:iat^:<:^ da^^irs^^ pn ci seconji c^^n^c^; sci;dy v^^pt?^ P^^X- 30063. This Pfi^sf? IB clpp"^ic:^j^ sfciidy vvdi;^js^e§^ t^s: s&fety x^f ♦>HX"300^3 
^^^Ivi^rH' rs^p^^teidiy ovijr; ?i ^silc^d ;c^f; se^/eml The iniSfef |r^?i:p:cat:p<>n: planned fer is m ^ ^^Mt^mt hr p^m- 



ffifecdoas dises^s^ 9ti^J acute Ci^rdiOYa^^f^^^^r cftscifx^^rs, T'^iyHed:>f mm 'xi r^r^im^i^ <!img desj^^r^ ^ipppx^^ch ti? Ci'^stt^; rson -peptide 

srdstim^jl^^^^ hoj^i^-dsfsjns^^r pTOt^frjs^dd m«c:dap*ii?ii?*^ v)^ ijlstinctTr^m X^^^m of cuFT^jcit gsj^^bi^dc 

tJmgSv tf m^ch^mmn vd^lca is in^ndf^s^ m^ke J?dc^ri<i^ ^^esistt^ndd: wnl iksly t?? >d^pii?3i>> Pdly Mddix; piads t;io d^>ydidp tritd 

6005^;. P'tS^yMedj jj^s ^<j>5d pi:^>c^erji55: a>mpourid, i^<f$ cemp fsve four Jf>^c?pj ts'ict^s arid b^n^ f erther d^vsioped to revi^f^e tiie 
<3infclcs>a0uiap-^t <5C?:i;vEiy cf b&lh h^m^m isnd io^ ^^gl-^ hmstrlm. PolyHe^^px ^^levs^ tdst P:NX>6D0SS c:cJiiid poterid^iJIy 

isd s s^fer cidd as^^ sgsriftt fer^ acj:^v^i:y, than cyihrsjIiJyTjppm^ for 

reiv^rsiB^ h^^psinn^ $?ojyMe(j?ii ;^iso pssrjs to ersnt^f^ua tds dsvdc^frient of ]£s ^^jyCid^^^ po^yrri^lq fofrT?iiJatJoq:s 5is ajlti m-crobisl 



l%lyMe4k Press J&Mse 



f further mf«>r«TK^ij«>ii tt^s^ t^cts 
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ass ices 



miirm-^ m l^uiy m, mm} - p<^^^, mc. core r^M)?), t?^^jii:^d5it>d^ 

^5 Gram-ng^jS:t^iv^ vv^^.im.- ta^V p?>^^:J!Tj?i?>S:5, ^^fsrf hjgr>^y r^^fr^jitofV' to curr^r-tiy ..^htlbk^tiC:" 

f^ly^^^^^^rx vv:?ll rec^iv^ ir^ 1:^^^ f ph^ 5S ths contr to ov^^r $^>i ■ ms>:^ms, with ^jpt^csn^jj: 

Th::> a^r'itr^if:^ rej-":r^?'>^^!Yi;5 j.J-jj? r^ii-i-h o^jt:$u1<:^ f5Lsj>pcrt;f^?.l j'ur^rfirjQ, iri th^i ?C;rr?": o^' ^rjjrit. or R^^i?^<irc,h f;c>:^trc"^i-t. ^^rifj ihif:^ third 
b;Ov^-^srj\Nr?^ p^itJ^o^H^^rjfi. ":>t^ j^f^^i^^vS of vvork ?iLiogf?'?t th^s^: of 3-\">!vJv4f:fj?K'?: ^sotiirijrro^i^si^ f:f?n"^pfv..irid'5 :ier^K>:-?:-^tT;5t??iJ 



Foly^^$<5iX a p^m^civ tm<3?>d Not^chfi^oJo^y company fOf:y?s^ <5n t!io f^^^vdor^rooj-it of nov^J dmgs for ^^ mMmm of ss^ious 

^m«sirtfjp?«cyle drsj^ cisrtdJdat^'S, J^HX-30C^^^ l^oJyH^^^J^'s am^b^^^ \n Ph&m I xMrn^ yri^^ is >a 

dru§s, s jTiiichsmsm which i[s-|hl:«ni<3«;d to ba^erml- rit^^ii^^hce ijnJikeiy £6 diESveJi^ p^j^s^c^ te^ibp thfs^ 

coo^pi5i:r?^?rf0r sot^oiis isy^mid ^^^^?P^^yio^:o^:^:^5| infec^iS)J>5. ^r^dadin^ mdl^^dJim r^^atiit (J^RSA). pm- 

mom, myMmy<'$M^^ ^^:^§0ni3t mmpmmy^^^^^^^ M t:^mm mm \'s. mm fi^m^rm^m<$pm m r^^mm me 

1x5 ^ sM^r and ««3^|^r tp i^sg ^ntjco^^sji^rit rever^in^ s^dfitt, vsfiith bf o^fd^j- ^ttivity? th^r? th« syrr«?^tly ^S^p^^^3v«d ti>«s?^py for 

r??vof5fr^^ b^>p^ijifK J^o^yl^odix ^bo platjs tti' continue ti^^t di;vo:cji?rri>3 .uf- ip^ P^<M^^. po^tnmic forrcixiAi^nm^ m &0imtr&bM 
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Exhibit 8 



■ ■■■■ 



^^PolyMeclix 

Pmm Releases 



POLYHgBIX R^CSIV^S MSLOO?^ COK^imCT FROM THS DEFS^ISE THItlHAT 

:i«^n:s:i1i}Sitlc ss-vi^N^ Csfegary A B biopat^iio^^n^ ?i|jfent§ wh?ch csyjj^ SfKi^??^^^ 

Iri S<^pj:e:m^jer 2004 PoiyM<?cib: rt?a?sv^?:5 R^^^Si^: i orj^fi^ from the N^^tJOfja* ??^^«:it«?:«*<* «:<? H^^t^th irs Jjorr-rjunt: csf 

s:5^id ^;id■:^;^^t^. Itit-^dek^c. -V<?s;5cSt?t>t ^jj-^cS C^.O. of Pciv^'l^?^^^^<. ''We s3!pp?T:d>ro? th^^ DTPi-A'^j !n^cmi>t: cur novj?^ antibiotic as>pro<:c^^. 

cifKi look %Wi^Ki Cv:t'$Unf,«n>;>^ thSS m>rk ^d§r^t^fv■if-ig ;i^fv's< §<;ner<ttfOrb<.. of ^^:Vt:?r^^Oabkli f:j;?V>y<:^i.;:>CJ<j. $i5f^:OV:4>Kl5'»H"i iJUt'ik- 

3§iJJ>>S.t t^^eSJe cJSJ>g^ri5US h>f^Ct^(3US fchf^^S?:S? JS. « a'^£k:S?J{y j^^WftSnt ^fis^L** 

ID. ?.008, f^aiyf^teJlx ^nnounc^fl the r^^stssts of th$i fir^t Ph^^^i 1 h^jmsifi cJmcBi suidy v^itr^ Pr^X-.^OOJ^^, The muU.<^ of tbsjt <;tb'dy 
siiCjoeSv thcit R shgLiki possjbSc' to ^^^.^f?evi^ cJjntCcslSy ^.her^speiJlic Sf?veis vvitb tJ«JJy <.io&25 c;^ PMX- 1^0063 whict) i jw^r ihm 
rh^^se ^s^i^ca^ited wah my <3dv€f^« ^^^f€Cl^ see a u> the Sein^^k' study 0?^ H^$v IS, 200^. f^oJyMed'x s»A4}ynci^'d ih^i It had 
recdivijd rsgijSsvOfy d&sraj^cs from HtJ^ith Carta?^^ co initiate a &«cop«3 Pbess 1 cEinica^ $tiidy mth ^*^'tX-3C063s T^sES Ph<if;e IB 
cljnicaJ sttjdv Will assess ths safety of P'MX^S?SQ63 given f^|^eat«d^v^ c^vef a jjsrjod ©f s^werst lh& 'mit:ist\ Jndic^fcJon p^srtfHxi 
fi^r m;<-3fJ063 5s m ^ treaSm««t ihr iJan-Staphybco^^cai infectim^^, Jnciudmg HRSA ^memlcHJJrj-resjstant >$^^ 



infeclSqiiis ts<$^j$^^^ 3<^M f di pva:^ disorders, p<>jyMedM uses iS rational drug ^s^^J^n iap^roacih c:re«ifeie i>on^p«pi:!de 
srrm^l m0leiic:t% dmg P?^K^;3^sp63> l*oty^!ed?ic% i^ai? ^Ji^tcaJ ^ais^ Is: a 

sms!rmoi©«^u?€l:i^^ ??3?F«ias h^man ho$fc-<J«f^n^ prtJfceJris a?>4 has^ mecKanjsm of etcdori distiad^ from thsjse of airr^^nfc antibiotic 

§QOSS f poSyjyfepx^ Jpd hsjptiagpnj st^ <^ has <»f>vpl<at«jd tj^als arid ftfftrw <i^ve[op€itl to mver^e* thei 

^otl«^oS^tit: low m^teeuis?^ v««Kl|t3h[t :heparim> ^JyM^t:^ b^N^^v^s^^^^ 

a ssf^rcjnd esster to usa ?snt^^ mvefsing ag^^r^t w»tb bmader ^ictNityj^ t^^sn the cumntSy ^ppmv<^d th^irapy fer 

bioJTia^^onalSy wh^c^i csrvbe used as^d<iiy^^ For 
mof^ Inform atJOf^^ f^«a!^ v^sit our w^fe^lisi at WkSw^p^y^Tif^dl^.m 



■mmu 



Pft!yM^4^x Bress Release 



Off???:?'- fecftv^i fjjc%?;co<*«?" o^ffiisa >*;rwm fJyfjSft ftspies&^ef *n fi^^6if:if^fc}akifi^ ^^fM^??^/;?.?; fy^^h'M^flix:^ o:3f?;^i;ofiif?£ris:^ ys>^v !rir?3f 



plr^sictor, trsvestor Relstiom 6^ Djr jjo^st^ Cpn-^rfHU^jcstlofis 
484 ^59S> 2406 
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^>« Wft Mi B i&Bi B i B iW^^ 



Thts mgitein^s! may br> prote<:t«d by Copyright (Title 17 U.S, Code) i 
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/piicat;^ th^it tmtil rs^;^i)t% few s^ie^ji^tx botl^^ try; Mfe 

cancer or ^Memnig Mk^o?^ I.?^ do tlie ?tts:^j2:5;ic scss^fe. 

arss^tix^ arnM&l mokcijfes that xmtm mme^<mmk>cn^- 
r# fes:^ a^^^^ i?5p:is?#^ 5>!^i^ a|?o«^r&si 




Lm tte^ wisdom of i,600 i^iite leates 

As the business worid, beco^T^es ^ncreaaingly oornpiex, .so .do the chasienges feeing today-s senior busine-sa 
leadBrs. Andiftdugfi CEOs, GlOs. CFOs and;.CNR6s^gree ihal oompfexity is at an ali time Ngh. they ha^ 
diffaring vibws on what's driving it, and more impGrterr^ how to addres^^ \t Jo better undsr^tand these 
vtevvs. BM jntarview^d ov&r 6.600 senior sxaoutives int tS caOf^S^s across 60 industries. The result m the 
IBM C S'jit^) Studies Series, a comprehensive oolleetion oUhought ieadership on managing compiexsty. 
Each study wsthiri the G^ suite Studies paries has th^ dMinstfen of ^^^^^ its kind to date, 

tl^ii^itig e^s^ntial insight that c^nlMd your organiii^^ and 6^ 

#i^md vf^oft k> dri^ ^u^Joess: A smar^ tou^iess f)m(^ $maf Mr thinNlhg- btlid a ^niarter piadei 




pounds. kiicRvn ^im)^:^<crobi:js per>sid^-^ hav^ |>f*>\^n k> .to tk? gr^^cis^v Interfer >rn\<r.of the t^Ki^ibtan^x 

|XK>r dr^^p. Th^nr diilicxav jk^ jr^^nB^icvu?- ?^ xi?>>c^c$He the .... ^ •• . Dp^xiHng a >^cr::^p <:f paper pv>:$t<foct(^rjd ^^5d« 



pcv^i^k Ph;^cxm <^>^.a<k)x-<! vh^^jxr ^^>y^i . ,, • KfeS^j. Kfei took ^>?^^? kM>k and cor:vlnc:ed 6at ^^Grftife 




$itmMb^ te; vulmrabte to 



llie first antibiodc from to work now in htOTi^ *riafe at 

2Q0Z In miimal te^ts PolyMedir'i^ dnigPMX-3{X)63 h at lea^ 
m powerfol jjs the mMmX te?sp|5al <pdl}:)k^vpn'- 
comydn at kWmg &ey strainSv Tfee mM^ dSkfe^nass Mai 
Stsph sktii ijidfectic>tis could yield JX'salis thk y^ar: 

New ;Hidbkiiic.« are bsdiy needed as bactsem !>econ>e i^- 
sisrat^t to e^clsting dnigs, Iktcause exssdog antibjodcs target: 
specific bacterial jDoJecukSf miiimioj^ iii the bactenuj^ can 
reader the drugs meffecrebe Om tmty bug inktbidjiig Amm- 

hospital^ met1MI8«-m*S$^it!t:S£q^^^^^^ 
Jmfced to JB£SO deaths each j^eai^ a 2007 $tady concluded In 
cont^ast^ die x?epdde antibiodcs sire kss vubutn^ble to resj.st- 
a«ce becatj.se diey ifiBfe-ate axid damage tht manbrane diat 
holds tJie bacterium together;: 

hi 2000 DeQxmio heamt*iwi^^ what the 
simplest possible smfcule feMicduia^m tnemforane- 
iESin:ating abilit)^. He realked tiiat the k^y was a two-sidtxl 
stjiicaire One Stide attracted to negatively cb<srged mole- 
ailes on tiie surfeice of bacterial memhraiies. Tjbis^anK>Bg 



cmmxi \^ith tte stmdation 5S ti^ d:jese Mn^ d\\% into the 
membmfje a^iid swt?ia ^m^tki Im*^^^^^^ says KSem. 
there k mou^\ of thmx they make their %w to the otiter side 
of th^ }imiihi"5tiie. ijiid ma|s:e a pc>i;e'^ Tht* hactmimf s contents 
feak out tiab expemiss&ts 

DeC?mdo nnd Xleiti publ^ed their mltM. r^suk^ in 2002 
and cx^founded FolyMMk the same y^ar It tCK^^k $tix years to 
design $md test a imteule safe and effecrtive enoi^gh tt> go Into 
hutnan mds. No ■resistance to I^]>'^1edix' dujghai^ enies^ed 
in ststi^dmi lab tests, Kiem saj^s the continuous simulations 
gjv5i& tftemi^^^ <i<nitfid#nce thej? are on tiie right track. 'tX^r Me 
is often pj>ych0k>gtc\^l Agood scientist has intuinon. If we cm 
buiid a mfAi thit mmhrc^ tbat kituxtku)^ iliey have confi- 
dence to extrai^o^aj^e fco the next lex^el.** 

Wall Street remains skeptical PolyMedix shatesj hover 
sstittod^ whellie^^ dmg \viS 

kiSwig bitsines^. PolyMedk CMef Executive NididssLande- 
kic is opdjr!}Stic-!:bvm^ ]3a\^ Ix^en no show-stopper safet>^ 
pmblems so far-hxt only big human t>ii^ can tell for sum. # 







liil 



jil 












BWIFTORD 



Lewis 




Brand Power And 



' I Over its 9;?> ^'e3Lt^ ^ m^m form m^^ Me<Jj £i l>n?$iness> 

I 'un^Mmd ^mxipiMsM fee ej^erprise 

Ilje wQj#J^ write about iHSive fe e^xj. pro- 

\ xmm mAmmf The ad^tfemg worlS is Aaj"ig3i^g> Nfew 

J tech»e>lpgia^ pop i^p e^i-y 4?^jc 

* jtiav[^ tha^ a^^^^ <:M.. p^SMA m^m^^ 
j pith iiK^ige etjmes 01?^^^ 

»te ; sopa! 
^ ^^ji'^^'^^ ^ t^pt)rt^ri? at ^Me when truj^ted S0UJr& 
, ^ 1, tjjrhaiidpid^Eigh?^^ 

^oj*sg$ ^ edit^maJ f mcess :w5tfe data an^^ consumer Ses<Sba€^k 



■■■■■■■■■ 



* We're opemiig up our prfet md dipt^d p^^itforms th^^< 



dass jou^^ajism at tt^e center 0f a 

the wiy tei: products &r our i(>yd FQHBES^^?^^ 
^ip grow t|j#^^m p 
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De novo design of biomimetic antimicrobial polymers 



Gregory M. Tew*^*, Dahtss Liii**, Bin Chen^ Robert Doerksen^, Justm Kaplan*, Patrick J. Carron*^, Mkhael L. Klein^, 
and William F. DeGrado^^ 

*Dep3rtment of Biochemistry and Biophysics, University of Pennsylvania School of Medicine, Philadelphia, PA 19104-6059; and ^Department of Chemistry, 
University of Pennsylvania, Philadelphia, PA 19104-6323 



Contributed by William F. DeGrado, January 28, 2002 

The desBgn of polymers and oSegomers that mimic the complex 
structures and re^narkabfe bsoSogkaf propertses of protefns is an 
important endeavor with both fundamental and practical implka- 
tfons. Recently, a Jiumber of nonnatwral peptsdes with designed 
sequences have beer^ elaborated to provide bioIogkaHy actfve 
strq.jctures; in partscuSar, faciaHy amphjphiSlc peptides built from 
p-amino acads have bseai shown to mSmk both the structsjres as 
wqW as the bsoSogkaS fynction of ^naturaS antimicrobial peptides 
such as magasr^ins and cecropins. However, these natural peptides 
as well as their ^-peptide ar^alogues are expensive to prepare and 
difficult to produce on a large scale^ limiting their potential use to 
certain pharmaceutical applications. We therefore have designed a 
series of facially amphiphilic arylamide polymers that capture the 
physical and biological properties of this class of antimicrobial 
peptides, but are easy to prepare from inexpensive monomers. The 
design process was aided by molecular calculations with density 
functional theory-computed torsional potentials. This new class of 
amphiphilic polymers may be applied in situations where inexpen- 
sive antimicrobial agents are required. 

A large group of defense peptides, such as the tuagalnins, are 
produced in eukaryotic systems and provide a first line of 
defense against bacterial infections (1-4). These peptides adopt 
faciajly ainphiphihc conformations, in wiiicli positively charged 
and hydrophobic groups segregate onto opposite faces of a helix, 
sheet, or tertiary strucliire (Fig. 1) (5, 6). This structural feature 
is believed to be responsibJe for their ability to kill cells by 
disrupting phospholipid membranes. 

The activity of this class of peptides depends on its overall 
physicochemical properties rather than the precise details of its 
structures (6). Thus, it has becii possible to design jS-peptides 
(7-9) and self-assembling cyclic peptides (10) that mimic the 
biological and physical properties of antimicrobial peptides. 
An important consideration in the design of antitnicri^bial 
pep tides was to match the hydrophobic period of the sequence 
with that of the secondary structure adopted by the peptide. For 
example, O' -substituted ^-peptides adopt a "14-helix" with an 
app]-oximate 3-residue repeat (11, 12). Thus, oligoniers based on 
a repeating tripeptide sequence, Hb-Hb~Hp (Hb ^ hydrophobic, 
Tip ^ hydrophilic), adopt facially amphiphilic conformations m 
whicl:] sipojar and polar side chaiiLS segregate onto opposite faces 
of the helix (7--9, 13). An important extension of this work would 
be to design inexpensive polymers and oligomers that adopt 
amphiphilic secondary structures. Such surface -active polymers 
could be used for a variety of purposes, such as antimicrobial 
materials and surfaces (14). The fundamental knowledge ob- 
tained in these studies would also have important implications 
for the design of sequence-specific ohgoniers with well defined 
three-dimensional structures and biological properties. 

Materials and Methods 

2,6-DsnitrO"4-t-butyl-phenyi (4~m@thyl)-'beirizenesuifori3te (8). 2,6- 
Dinitro-4-i'-butyl~phenol (80 mmol) and tosyl chloride (80 mmol) 
were dissolved in 300 ml of CFI2CI2. Diisopropylethylamine 
(DI EA; 80 iniool) was a.dded to the solution. The mixture Wcis 

stirred at room temperature for 2 h. The solution was washed 
with 10% citric acid, saturated aqueous NaCi (sat. NaCl). and 
dried with MgS04. The solvent was removed under reduced 



pressure, and the product was obtained as a bright yellow^ solid 
in quantitative yield. MP 145-146''C Hi NMR VSOO MMz, 
CDClg): o - 8.12 (s, 2H), 7.80 (d, 2H), 7.40 (d, 21-1), 2,5 l(s, 3H), 
1.41 (s, 9H.). Electrospray ionization-MS: m/z: 417.07 (calcd); 
417.2 (M 4- Na+), 

2,6"DsnitrO"4-t-biJtyS-1-(2-t-biiitoxycarboriy[ami8ioethyl)-sisS-f3nylbenzerB6 

(9) . Compound 8 (13 mmol), 2-boc-aminoethanethiol (16 mmol), 
and DIEA (13 mmol) were dissolved in 50 mi of chloroform. The 
solution was stirred under nitrogen for 12 h. The solution was 
washed with 0.5 M NaOH, 10% citric acid, saturated (sat.) 
Na^COs and sat. NaCl, and dried with MgS04. Ijhe solution 
volume was reduced to 15 ml by rotary evaporation, llie product 
crystallized as a bright yellow solid after addition of 80 ml of 
hexane. Yield: 94%. MP 127-129"(: '^ll NMR (500 MHz, 
CDCI3): 6 - 7,81 (s, 2H), 4.87 (s, IH), 331 (t, 2H), 3,10 (t, 2H), 
1.44 (s, 9H), 139 (s, 9H.). Filectrospray ionization-MS: m/z: 
422.45 (calcd); 422.4 (M -f Na^). 

2,6-D^arn^nO"4'^buty3-1"(2-^bt^toJcycarbor^ySaminoethy^)sulfa^yBber^2e^^ls 

(10) . Dinitro compound 9 (20 mmol) and sodium acetate (200 
mmol) were added to 50 ml of EtOH. The mixture was heated to 
78''C, and the solid dissolved completely. SnCl2'2H20 (200 jnmol) 
was added to the solution, and the reaction niLxture was stirred at 
78"C' for 35 min. After removal of solvent under reduced pressure, 
the residue was (iissoived in 800 mi <3f EtOAc arid washed with 40%; 
K2CO3. The solvent was reduced by rotary evaporation, and tine 
product was purified bv column chromatoi^japhy fsilica gel 
CHsCVMeOH 100:1 to 95:5). Yield: 93%. MP lll-llS^C^^H 
NMR (500 MI-Iz, CDCI3): S - 6.21 (s, 211), 5.41 (s, IFI), 435 (br, 
4H), 3.21 (t, 211), 2 J5 (t, 211), 135 (s, 9H), L24 (s, 911). Electrospray 
ionization--MS: m./z: 340,51 (calcd); 340,5 (MR-^ ). ' 

General BVSethod of Polymerizatbsi. Diamine 10 (0.1 mmol) was 
dissolved m 3 ml of dime thylf ormamide (F')MF). Isophthaloyl 
dichloride (0.1 mmol), triethylanime (0.2 mmol) and AvV- 
dime thy lethylencdia inine (0.02 mmol for 4 a nd 0 mmol for 5) 
were added while stirring. The rtiixture was stirred under nitro- 
gen for 18 h. .4fter the volume of solvent v/as reduced to 1 ml, 
water was added to precipitate the polymxcr. The polymer w^as 
collected and dried under vacuum. The Boc group was removed 
by treatment with trif luoroacetic acid (I'FA; 3 ml) for 1 h. The 
deprotected polymer was dried under vacuum overnight, 

Solid-Phase Synthesis of Oligomers 2 and 3. Fnioc-PAL-PEG-resin 
(0.1 mmol) was swelled in DMF. Then the Fmoc was removed 
with 20%' piperidine in DMF for 20 min. I'he oligomer was then 
biiiltup by alternately coupling 10 ec^uivalents of isoplithalic acid 
or diamine 10. In each case, the couplings were carried out in 
DMF with 10 equivalents each of 2-(ltI-benzotriazole-l-yl)- 



Abbreviations: DItA, diisopropyiethyiamine: DMF, dimetfiylforrfia-Dide: Tf-A, trifiuoroace- 
ticacid; MD. moiecuiar dyriamics; MSG, iTsinim'3! inhibitory concentration. 

•■present address: Polymer Science and Engineering, University of sVlassachusetts, Amherst, 
MA 01003. 
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Fig, 1 . Arnphiphilic slTucture of 1 and magainirt Hydrophobicsidechainsare 
shown in green, and hydrophilic side chains are in blue. 

1,1,3,3,-tetrarnethyluronium hexafluorophosphate (HBTU) and 
iV-hydroxybenzotriazole hydrate (HOBt), and 20 equivalents of 
DIEA for 24 h at room temperature. The oligomers were cleaved 
from the resin by treatment with TFA/anisole (95:5) for 1 h. 
Pure oligomers were obtained by HPLC on a reverse-phase C4 
column, with a linear gradient from 30% to 80%' solvent B in 50 
min {solvent A, 0^1% TFA in water; solvent B, acetonitrile/ 
water/TFA 900:99:1). Matrix-assisted laser desorption ioniza- 
tion-time-of-flight MS: 2: 755.99 (calcd); 756.5 (M + H"^ ); 3: 
1125.47 (calcd); 1125.6 (M 4- 

AntimicrobiaB Testing. The compounds were dissolved in DMSO/ 
water to Eiiakc series of stocks of 2-fold dilution and w'ere diluted 

:1 0-fold to cei] culture on 96-wcll ]5iates. Minimal inhibitory 
coricentrations (MICs) were obtained by incubating the com- 
pounds with the bacteria for 18 h at 37°C and measuring cell 
growth at ODggo 

Vesicle Leakage Assay. The leakage of calcein from large unilamellar 
vesicles was measured as described (9). The polymer was dissolved 
in DMSO at concentrations from 300 ug/ml to 37.5 jLig/ml. The 
vesicles were prepared by reverse -phase evaporation in 10 mM 
sodium ph(3sphaie buffer (pH 7) fi^llowed by a single extrusion 
through II 0,2-/nn-pore"size polycarbonate filter. Tlie nontrapped 
calceiii was removed by eliitirig tlirough a. size-exclusion Scphadex 
G~25 column, witii 90 mM sodiiim chloride/lO niM sodium piios- 
phate (pH 7). The leakage process was monitored by following the 
increase of calcein fluorescence inteiisity at 515 nm (excitation at 
490 nm, slit width 3.8 nm) after 100 of polymer stock was added 
to T9 ml of vesicle solution. Cbmj^lcte leakage was achieved by 
acldition of 10 /.d of 0.2% Triton X- 100 to the 2-ml solution, and the 
corresponding fluorescence intensity was used as 100% leakage for 
the calculation of leakage fraction. 

Resiafts 

Design. Our initial attempts to design facially amphiphilic struc- 
tures have focused on AB arybimide polymers typified by 1 
(shown below). 



The diamine was chosen for its ease of synthesis and its 
expected conformational properties. The choice of a thioether 

was based on the expectation that the methylene bonded to the 
thioether group would prefer to lie out of the plane of the ring, 
allowing weak hydrogen bonding to both amide protons. This 
interaction should stiffen the conformation and help to eliminate 
th.e formation of intei-molecular hydrogen -bonded aggregates 
with low solubility. 

Computatsonal Studies, C'ritical to the design of folded polymers 
is the development of accurate computational methods, analo- 
gous to those developed for peptide and protein structures that 
can predict low-energy conformations of the backbone. Density 
functional calculations of suitable model compounds were con- 
ducted to rigorously determine the torsionjal barriers for rotation 
about bonds within the arylamide system. The to i'sional potential 
profile (Fig. 2a) for a model compound, 2-methylthioacetanilide 
[C6r:{4fS(:H3)(NHCOCFl3)], exemplifies tlie importance of the 
desigiied hydrogen bond on the molecular flexibility of the 
backbone. [The barrier C C N (H) C(0) height is 8 kJ/niol higher 
for the CC N(H) C(0), CN(Hj C(0) C,^N(H)C(0}C c/and 
C C S C iiiodel compouLid with the inelliyl-thioethcr group than 
for the one without this substituent (Fig. '2a), and the overall 
torsional barrier for the former reaches 63 kJ/mol when the 
carbonyl O is directed in plane toward So] Density functional 
calculations also confirmed that the methylene attached to the 
thioether sulfur would lie out of the plane of the phenyl ring 
(data not shown). These torsions were then used together with 
existing parameters (Fig. 2) to provide an improved molecular 
mechanics force field for the polymer. 

Importantly, model compounds can be synthesized and tiieir 
structures determined by x-ray diffraction as a test of the new ^ 
force field. The crystal structure of an appropriate model g 
thioether ainide displays the conformationcd properties expected ^ 
from the design (Fig, 21?). Also, molecular dynamics (MD) o 
simulations of the crystal structure are in excellent agreement 
with experiment, providing support for the computed torsional 
potentials (Fig. 2h), Encourciged by this cLgreemcnt, we con- 
ducted MD simulations on an oligomer 3 containing six aromatic ^ 
units in an « -octane/ water interfacial system. Irrespective of the ^ 
initial starting configura-ions, the amphiphilic polyamide rapidly § 
moved to the interface and exposed its polar ainiiie functioiis ^ 
into the water phase and its alkyl side chains into the n-octane ^ 
phase (Fig. 2c). 

Synthesis. Polymers based on the repeat, i, are prepared by 
polycondensation of the diamine with isophthaloyl chloride. Tlic 
diamine was derived from the commodity chemical 4-tert- 
butylphenol and was synthesized from commercially available 
2,6-dinitrO"4-t'^/t-butyl-phenol and other inexpensive starling 
materials in several high-yielding steps (>90%) (Scheme 1). 
Oligomers 2 and 3 (shown below) containing two or three AB 
units were also prepared by solid-phase methods and piirified to 
homogeneity. 
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Fig. 2. Computational caicuiations for ary! amide oiigomers. Density functiona! theory based methods were used to generate torsional potentials, which were 
then combined with charmivi (18) bond-stretching and -bentiing potentials, and trappe (19) and opls (20) van der VVaais and electrostatic potentials for MD 
simuiatlons of the designed oligomers, (a) Relative energy of different conformations of C5H4(N(H)C(0)CH3)(X), X H or SCH3, in which one C-C N(H)-C(0) 
torsional angle is held approximately fixed by a Lagrangian multiplier, but a II other parameters are relaxed [using the cr-fviD (19) program with the hcth (22) density 
functionoi]. Zero degrees is defined asthe angle that projects the amide proton toward the thioether S. The thioether methyl was initiaiiy placed perpendicular 
to the benzene ring piane, nearthe minimum conformation for the compound (||). (b) Crystal structure of a modeiamide. (t.t? ft) X-ray structure. (Right) Simulated 
structure [from an IVID calculation atT = 298 Kand P= 1 atm (1 atm = 101.3 kPa)]. The top two IrYiagesare for a 2 X 4 X 2 crystai lattice. Color notation: carbon 
(green), oxygen (recJ), nitrogen (blue), polar hydrogen (white), ancJ sulfur (yellow); nonpolar hydrogens are not shown. The x-ray crystal structure vs. caicuiated 
results are cell lengths [A] a: 15.34. 14.62; b: 8.28, 8.90; c: 23.16, 23.23; cell angles H a: 90, 90.00; (5: 90.78, 94.58; y: 90, 89.99. (c) Snapshots from two sets of MD 
calculations of oligomer 3 at the .o-octane/wa ter in terface. One started with the entire oligomer immersed in the water phase (Right) and the other (Lefi) inside 
the /i-octane phase. The initial configurations were generated from a Monte Carlo simulation with configuratlonal-bias Monte Carlo techniques (22-24), and 
then the dynamic evolution of the polymer was monitored with MD in the isothermal- isobaric ensemble at T ^- 298 K and P ^-^ 1 atm. Color notation: n-octane 
(green), wa ter (oxygen: red; hydrogen: white), and chlorine counterion (magenta); oligomer 3 is colored as in b. 



We also prepared analogous oiigoisreas hy using phenyl 1,3- 
(iiisocyanate in place of isophthaloyl chloride, f lowever, these 
molecules had low aqueous solubility, possibly because of inter- 
moleculax hydrogen bond formation involving the additional 
urea NH groups that are unable to form, intramolecular hydro- 
gen bonds. 

AntimkrobiaiS Actsvtty^ The antimicrobial activity of the arylam- 
ides was mejisured \\ith Klebsieila pneumoniae imd Escherichia 
coii as Gram-negativc strains and BaciUus subtilis as a Gram- 
positive strain ( Table 1}. Considering the simplicity of their 
structures, the short oligomers and polymers have good activ - 
ity when compared with other mi^lecules, includi[]g a synthet- 



ilci-MD/'HcrH-isoiated molecule caiculations were performed in a 1 A x \ 2. Ax 1/1 A box with 
valence electron wave functions expan.ded ir^ plane waves with a 70-Ryciberg cutoff and 
Troulller-IViartins normconserving pseudopotentials. 



ically modified magainin ii derivative [MIC = 3.2 yig/mi vs. E. 
coii JM109 and 1.6 /Ltg/ml vs. B. subtilis BR151 (8)] or the 
antimicrobial cyclic peptides very recently reported by Ghadiri 
and coworkers (10). There is a trend toward higher activity for 
the short polymers and oligomers, with an optimal length of ^-^-^8 
repeat units in tliis tionexbaustive suivcy of activity vs. chain 
length. The iucictivity of the longer polymer may arise from 
reduced solubility, lower molar concentration (for a given 
concentration in ug/ml), or inability to penetrate through the 
proteoglycan layer. Also, acetylation of the highly active 
polymer with n — 8 (Table 1) eliminates the antimicrobial 
activity, indicating that the positively charged aminoethyl 
groups are required for activity. 

To determine whether the oligomers were bactericidal or 
bacteriostatic, the coii were incubated v/ith the polymer 
(« =^ 8) overnight and then plated m the absence of the 
polymer. The number of colonies was decreased by at least 
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Scheme 1. (0 TsC!, DIEA, CH^Cb; (//) Boc-NH(CH2)2SH, DiEA, CH^Cb.; (lii) SnCh. EtOH 78°C; (/V) isophthaioyi chloride, trlethylamine, dlmethylethylenediamine, 
DMF; iv) TFA. 



JOO-foid relative to that expected from the initial value, 
indicating that the polymer was acting as a bactericidal agent. 
One of the hallmarks of the host defense peptides is their 
activity against a broad spectrum of bacteria (6, 15, 16). The 
Efiost active polymer was tested against a j^anel of a number of 
pathogenic bacteria (Table 2). The MICs were found to be 
below 50 /i.g/ml for each of these strairis. 

To confirm that the polymers and oligomers are indeed able 
to interact with and disrupt phospholipid bilaycrs, we mea- 
sured the abiiity of 2 lo induce leakage of :i dye, calcein, 
entrapped within the interiors of large unilamellar vesicles of 
mixed phosphatidylserine and phosphatidylcholine lipids 
(SOPS/SOPC 1:9). The extent of leakage of encapsulated 
calcein was detected by its fluorescence at 515 nm (Fig. 3). 
Oligomer 2 gave rise to calcein leakage in a dose -dependent 
manner. As was observed for antimicrobial peptides (9), the 
value of ICso for this assay was approximately 10-fold lower 
than the MIC values for the E. coli, 

Condmlom 

Itcre we describe a class of faciaiiy amphiphllic polymers, in 
which hydrophobic and hydrophilic groups segregate onto 
opposite sides of a low-energy, repeating conformation (sec- 
ondary structure). Amphiphilic polymers have many applica- 



tions in colloid and surface science but they are generally 
formed by random copolymerization of hydrophobic and 
hydrophilic monomers, or by combining a hydrophilic block 
with a hydrophobic block to provide a detergent-like structure. 
Indeed, many amphiphilic block polymers form, niicellar and 
bilayer phases. By contrast, the facially amphiphilic polymers 
described in this work should be able to mimic a variety of 
surface-active peptides and proteins. By varying the charge 
and hydrophobicity of the side chains one might be able to 
rnimic the properties of toxins such as mclittin, selective 
antimicrobials, or apolipoproteins, all of which have been 
successfully mimicked by using /3-peptides of defined length 
and sequence (7-9, 13). Thus, although compounds 2-5 show 
hemolytic activity, v/e expect this feature can be eliminated in 
subsequent rounds of design. 

By preparing hoxki oligomers of defiiicd leiigth as well as the 
corresponding polymers, one can combine the advantages of 
studying both classes of compounds. Defined oligomers are 
homogeneous oi'ganic compounds that ai'c useful fo]- structural 
studies, ther mo dynamic analyses, and provide well defined struc- 
ture-activity relatioiiships. Howevei-, polymers a]-e easy to pre- 
pare in large quantities and are the products of choice for 
applications in which the cost of production is an issue. 

in summ^ary, this study provides a one-pot synthetic strategy 
to produce polymers with a specified facially amphiphilic 



Table 1. Antibactena! activities of polyamides 

Oligomer 



n R coll K, pneumoniae* 8. subtJIis'^ 




2 2 NH3' 19 66 



3 3 NHb^- <19 na 



4 8*^ m-h' 7.5-15 31-50 



S 60* >200 



12 



19 



16 



6 8*t NH-Ac >500 250 >500 



*The average chain length is determined by the Flory equation, and the polymeric nature of the products is 
confirmed by gel permeation chromatography with methods simisar to those described earlier (1 1). Polydisper- 
sity Index: 1.10 (4), 1.64 (5). 

^The end groups were A/, A/-dimethylethyienediamine amides obtained by using M/V-dimethyiethylenediamine as 
a terminator. 
*M ue i ler-H I nton med i um . 

^MsCs were obtained by incubating 2-fold dilution series of polymers with the bacteria for 18 h at 37 °C and 
measuring ceil growth at OD530. 
""LB medium. 
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TabSe 2. Activity of 4 against six different bacterial strasris 



Strain M!Q fig/rrA^ 



E. coU K91 


12-50^! 


E. cofi D31* 


7.5-^9 


K. pneumonicie 10 


31-!S0ii 


Salmonella typhimunium SS*" 


<3,75** 


Pseudomonas aeruginosa 1 0 




Enterococcus faecium* 





*Ampiciiiin- and streptomycin-resistant. 
*Tetracyci i ne~resista nt . 
*G ram -positive, 

^Minimal inhibiton/ concentration at 18 h. 

■^Minima! medium, 

!!Qux3rter strength Mueiier -HInton (MH) medium. 

** Ha if strength MH medium. 

^"Quarter strength Bush ne!!-H ass medium. 

secondary structure and broad antibacterial activity. These 
poiymers differ from earlier dendrimeric and cationic antimi- 
crobial polymers (14, 17) in that they inirnic the essential 
features of a large class of antimicrobial peptides and proteins. 
By systematically varying the side chains and possibly also the 
polynieric backbone it should be possible to fine-tune the 
antimicrobial selectivity and toxicity of the polymers in a 
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Fig. 3. Cakein effiu-x induced by oiigomer 2. Fraction of leakage was 
cakuiated from the fluorescence intensity at 515 nm, with 100% leakage 
c;3iibr3ted by addition of 0.2% Triton X-100. 
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J*<v'>*f^^>i' ^^ ^'J ^i^, V;v:th\1« ^ ^h<nY!5-.:^! ^kviWf O^^''^^.'^ 

.kV.'^^O' \!«Ot?..tm < 'hOt*!>Jj..*i! ^kvK-iy i^'Oi^n 
>.oU'-iv.Non">Ku\i ffn>:wUve? jfsi.vid Mi; ["hoe V ^ v^.W 
^^w;uo '■'^-5^^ ^kthO.J 10^ Bfrx;tv.J^v.j« Xs.^k^ tfk:^ k'-.UxWr.biO :^ K'i*^ 

< t f \ { u \ .\:5.^ ' " f ;i<i iyi- 5 k' 5 ' - M a • i ' ^ -i.^ - <i t ?^ C l*Cj>^ uk-"< i ^ '< 
"^^ ^'."^ ^ ! . ^ ' >uk-n n • . : « u 

infJt'^K,''' tW lflJ>.^nn <>\p .'^f^>.>!i354^.\i lUV^-S^^hl^ Npri.-:lvi!fi;li ^1:«?>J i-^i 

Ak.vi^" .-k>->'r^ Wik^> ;«k^r:icknu-c QMj^V) iiSih\i^ts<;-'l 

Oh\iii<^ Miik' 5.4, Ami ): 

*vk! h. M , ;uu1 ^^?^v:-i^ivk^-, ^\ . ^'1 slu!;> C'x'lk ^n' W-l 



cidfej-c.-"-" M>/. i./?<fr :i¥f:?. J<?:-65:)-?^62, Bk:khaits<?J'A%f|jj^ (i 
UiJ|E?:i^Jft$t^i<i |:^fj:;ifiik;ii m Miifkiyk i^my^^^^^^ 

^•^>^^!>^^.-^.'^^iv.•^^ l.fUiii^vti v. .S:- /^vji \ 7V'l- 5 Am^-Jicsai 

Pi skm, k. , ''PMsaiii I'Stoc^ssktg <>;fl>io.W}Sit!S«;ifl;k''^' X .Bioh^iCiiff: 
P<i?.i;ki;ttyii;tii\ U... «t d...-. ^"'i'k<:- : ixmuymi poXmiistl .of '■p&rMnmo 

Pk^iuVl vik>i-.o^fkk>j?yde - Modi n^t 1 P<.i;iy phtnxot Tj^^iiViii^aiv." X 

J%i.raAk5:iky;k mi .^^oni:;;dd>^^5y^k C<>f5fe^^ Mi^- 
Sv^.c-!V.L;i^y siAiiikiixr:.," Cr^n: {ypi^L ChiK^rL BmL S::^i4^^Mxi:^^ 

p^iijyiuw-s.,'- ^^^Hv Mmi- '&i, l& Hiikmi 
Misjkys" ACS Ax?/:j>?^<v/ ;i?f^;;'/>?^^. U<))i>m, MA, Aij^i. j 

m>c a::??^. .^crt^^: ^I'm^ -^^^^{^^^.y '^j^kiml Amimy-nf 

Svkflvi^; (May 2k(>l). 

V1wgk k«ii. \i a?., "5>j3p.rovir5« fhc ^^^fji'.kfivy c-J ih^- >.(><"iS%t5.^*5s.> 

nM of khy>:k:s (Aug. {FjJkkN;j5<-fi ^xiiim Aiig- k a'M}). 

Woo, O-l. V,; oi. ;k... "$yjjd?.e;>k cuiU'?i<:;iov3>rAkx>^ nov-oi 

'ipimym. Sci<imi:- : 2<W^y. 

y. y>'}A. ^.!^^k!i^yx>•^ v\""^V-'<'.> Xo, \\'<> "^2 k''2'oO" o« ikp. 

kL^.; A^^C k'k>>i0r;^:^5k VMV:iido oi.y-l, ilM M:^;; ? tmA(^0. 
A.f^^l kVx; i7 1 , 1 A>:C:dcAOiV iii.^L, flkd ■vJ^ty .^^^. 2^>^>? , 
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1 

FIELD OF ■rUB i^lV'FK'riON 

B ACK( rRc>ir^^ I of rm mvmjUM 

/miiMiphilic- Kmhciih^ so^hMi ilhiimX rmK^m iy£ p&xM- 
sijiu-ibr: of bydrnphobic ^xjid hydfO'philk substuucam mXf^ 
moiti:cult;&. Aj:femai!.?^y <i cat's fem^^!}:Uyr?;5Sy 1fe?>ibi<? mol^rcjjl^^ 
ilia .kydmpimhm. h\-dmphilic i^immmcMn im tim nxnr- 

ttjri?s vanes WJt3ijHe:$^ 5^o?5!p<*«$ti0ij; Oif iJjte ' 

mmml miivccs^ ijK?Ma| pkm, M$$, ymM, ^k-^'Aim, 
pig$ md hmmmy(lri. :<3:: B<mm Ifmumy^ Mm 2?)00 

|<l^i$2- i;b«ite x:CMnf>i>uiidj* ilss^ ;ai<jg::dijjxi I (l }m^l 

bfict^jifd acthity md (bey <5o <^|^P^^?«' pmiic ilj^^ 
muiih-ely low j?>c?]ecxii;}r s^m^i papndm- tto bavt; n x^m- 

:|Vtc;i^i]iy i^^aji^bii^bilic (Le.. i):air-ihjr^i iO :^v^■^^-tl:^kds^ of 
:Oyl:«ite- i^ted . by ih^ .ihefeii pOptiiic hM ■ hy^i>0i<M.C 



B;i02 B2 

2 

r<stekiik^ylji5;}. ]rv^ln<pbilic si<l>? vbcnjj?^ by^lpi5|>bjHc 
$jck:. dm'i^i ;iXi^. primely p>?^jd v-eh" -ch-irgi^l at. ^)miri4 pFF 

x.m}nb^r of. nMdm'^ m mm^ iiMfmmMiii. piipikM<... 'Bxa 

hitm^sa- iityihrncyim'} dmami^ mi fna overidi hydfo;^l}5:)bic3:!:y. 
■Ib}^ bk>lv;^gki:l acti vity <:rf ib<:<: COuvprtVtiidN^ de^^^^i^:i m. \M 

mm vi:!ri);j<l5"ron3. 1: 1 (c'b) so 1:2; vc-b) pijpti'fe? wijb UJ'ot^ 
ijydr:>pbf>bic rj^^iidvfu's icv:d 5>> fJiofO ;jc1vv'>;" tf.v'ivurd ijjyUi- 
ri>i:yW J5xe$?5bnmtf$. llie pfjy$>^'Ch<ja;ici;d per:ptfftieij 

stmciiu-'? of tta^ "Mis chains;, i<ol«ii:^d peptide* Imm mm. 
m:hmi} fz^yxii miimxiiiih ;ijid: sbc^^o ;aa::i'fafcmbkd |^<?psj^k^$ 
5^ have hos^« ■>Xigg>?:>J^^ bii ssj jmpormi^j €um-i?oA^<?s:^i of' 
hifiak: MijjisysiCf :fi^si?oiii>i?. (iMiJSitsifo. R. ei ah. Mop<^^mmi- 

ti4e$ (p^-fji^ptido^jj cofi^pfbo<l of |>-«imiK> Ths^m ma^. 
asttUf -jI ]>c>sy 5>ep!i «b jsiis 50^> am c^ipabfe «r s^^ic^J^w^3g 

g^4i><jjfie$ 4);^ ^b^?^^^^ ittnsa?:«"ij iiilBfettSJSt hxm xhim- ima- 
}bt? jsptii;s$<? iitlitfio 5ti:M i« prodiibitig IbckU 

to isiapbiphibc cofnpomids. I lic^ p;rot<;^ (4) ^lo^ 
$or}o:«: qf «UJ:t;-«vjc«^b«i} popikfes..- -il ^''^hsJ^ tsrii!.:, i^;i^;?on- 
(Pf^p^im Si^^^^^'^iCi:)- 2W(} 5:§ H^) 1l5>s T^j^s^evico of pah' 
of d5Sa^:j^?le boaii^. bctwcos < ■y:^:'' -(;'Yir aad C-y?>'* -(-Y$^"' 
r$$Uii;« iti sy mi>j5ov;jonc aiispbipriuic f:i-?>tei 
fonv!:?:?. by Jhe ck<jia temiid ^jiid llakt?^! by d fi-}xirA. Tb^. 
aitipb?p!;i5lk ooiilbmiisboix is *jjjjs>mt:kii tor vtsiii-sjii- 

'This 4<iiiiT0ki\^<i-ki vJidi^-JJikrohial pi:?ftikk:: !>XtggO^:t$ ::}Xat 

jbciiil ;5j^^pbmmlkby, iM- aUimmvil of piobir {bydro^^jdk) 
aod ;aOi5»oktr 0iydf<>p^K>bio) mk chmx^. oiiopi^mte-. %v'-f2$ of 
ismnyxkir^- imkMn^t i$:mmiy^i'0mn^ bv ib:;; poj^skbi b;5ck- 

Suitably fJi3lj«t^tbt^j ]p^Jiy=J jjsi^^ ^M<Ai hck p^mu^iM^^ 
tij>x«is j^ioJM i>|jJJSi; c:fe;mk?ry tJtkbfsoJiiig^f «dH)sKi u> 
fjs&i h^^[^cs^ ^irtic^Lft??? sii isi^pfof^mie ^^o^^^issij* (J> 

cwjiimj ^1 Imlr^iJixirlioji b^kkb<H^^i^ wuh ^ti^ykss^s; iwfe 
cJi i ^Itb d5b^i5« s^^^jlv th^it vv^lisis) mp0$^^ f> f0k^: plvestl 
(sc^^xsiai^rik)^ the hmM^m •wiMd <X}lkfpm H> ximimim m 
cimni^ tt^i^J ^ol^tf soiy^i^m.: As Si ramii xd ilia imi^i 
i^i^^mxihsx, Aim pm¥im^ fxM^d ma^fmii^lmi n hei|caj. 
belksl fok1iMg:-is:--SiiJn%aM io <> ''so! vofshobk'' e^50?gy 

bijsmJfe^J fej|dc<i «t^sji^ m aim liMy w hi^ ^mpov- 
imt Pxxx0M?rxmm^ rnkXiikm pfi^ km -^S^'^^^* (C;;HC%) 



us 7JB;i02 B2 



^%motu4 iijr thirst? c6fj:^itj»;«^b. 




gjx:?up)5 ^^i)^ iiii^ jsbtipliiJk^^ ^ 

A^j j^^j:iE5SiivisS iJieitei: ii> mike ^m^^^^J^j?^^!^*!*^^ polvjsieris is to 

(A) ^mcrhydjxjphi He- Mocks (B). comfJKfRiy pi>ly^>rc^ 




i\L J Bhmifii M<{^er Res. 27:l463j -7j§). A vanity <jf 

I J mg/ml wbof5 ;;iit^JcJ.i!sd ^ts^o15<i ph?i><? te^l The^f^cptidc'v 

sm<?lk(0,l iap,2 iim} mmp^mii xjm h^^M'thK m ,ilk^ 

tmln. Urns' ^cvii jiii^joniy of the pqi^titic w<^o]<i be 
a vifjlabk Ibr b}ftd«?:g to ooB>^ V jl^o :;v:\t}mk^^^^ t^i^S 

ty/<:x5 r^'-^pii>3v? ob:^t:'r\X:i^ ojxi ihc riokihoc oxiri^cs^ ^vv^t; 
Hs;K:tsv^?. l!"kt?$0 ijiitdkjj bxiicjitis ^ake oo«yijs<:kigAy U5;5t 

opikv!i?it^ «kyr i^pti^l'?'^ to i^^r 

pciiesey, 

:whkib. .sim -kmwft: b<:^ loxk to Tfisuv^ifsali^ 

^^i)s?*>i1<>?i;fi<;m^^te gr^tlled itik> ^^gx^icl^sl:^^ 
b^:Jsj|^:9xe (^^^^^ L> V/Wix>> *jk> llfejx^tej^id^ ^CiKK) 
21 i i 255- • 1 24^),: lliij at^^iy jl^i of to sJX^iJ^rui I. mk^^ otj: cfey^ 

i^yt^^pb^bje tii^d |iydf opijslk: -iUf -^imin h<sm vm^ 



k;'r sito pvsfposi? of illiisijxtitov: $t?j>^ ifecfifiSiOi^ bxtj ^sre; jot*?; 

hi I'Kh i. tto<?:.'ls idsowjj « csirtool): ihai 4mk^ tJie 
<rpp<?'S5te fce^v of the po Jym^^j^ bfii^kb^^ 
5^-' <imph%hilk p<:sty;s^vj}<le <^r jx>Sy<?$i;et^ ijsyptyly^js?:? rbns^iJbis 1 
imdm, U mid .l§t; fchi? twij e^jjjis^^ii^jMi'^^ t^j(.nK>«}«3r-«Al-i«;$ 'hx 

lis I'K?. 3 jk(:fe j?> kttowx^ths:^ ^ructon:: ^vJ" 

rnkkiii wjtis ijxie^jibd )iak:«ig gf^ops beiw:<X!:t:t jIx: ij^o^oi^sxiers. 
1ft FIX>. 4 fere is> $tev;« tj?^ -^Qs^mi -sim-im^'.W' of u 

m. Wb Mid I Vb, i-ei>pebtiVxoly\ E?<a«ipk'i?^ ^>:f m<;j iypit:»l ^jCily wr^ii 

[j5 kjC;. ^ ^iheo? is ^ho-vvxi ty|kv5il es^jmi^ks v<f ot1h«^ 
m«ia' ffls<saykai^ .iiciaUy ^^mpkbh^fk palymt^fs Xlliiixl 

In kkk 7 tea^ h sIkHv-js. ^t^hisM^ of: mb^tlJxaM 
$)idky5ic:iii^i. mki m<imm&r^ nf MJ. ;5i«d XIII 

-^0: Xfe-XK- .... .. .... ....... 

j>oiyi4i^^ 

hi pWs. xh&mM -^^^^ im p^iyn'- 

<k4i^ <>k]<j<:t <>r ib<? ijxvirtjj:jo:j5. b? provkk; now pijlyijxenc 
C!:?nxpt^utids wah jjjiin-imofobb!:! pf^>portii^:- wiikb a^JX bt: 

cmMor.y 'bm Imdi iato t:t}vm>rtmeviJ moj^ $k>wJy sMj^ 
f?:? Jn^jiiiomi sm5dkjm«lec^t3l<? mii-mk^cvbi^ii$i. Ifu? |><:i[yft^ii?nc 
maWab: m«y be dtspo^iiM: ij^j <i Mm on ihit $:mikim of <i 



us ?,l 
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imu'O^r^I ^-■>Jym!:-f'> thai isn. 'Jc^H^ikvi 5.x\-i.t\v.^ xu:plisplii}u 
dhruiyt jfass misf^jbrane ^mlkiltth<^ orjXSiiJisni: llxe pi)H-jj.>iiniC' 

jutd U vvh^.-foui \ > • NR ^ S. > J.. CX\ ^x S< J ;x^xi ^\ 

«PI>j Dpniii<ilv sy1:isti^«iie<i: with pi>M msi mnpf^t ^^^ 

jbimiJksii i:V \s;:fers^ur X 0/N:JC^ Cfr S> :^ CX:>:> CS 

vtrSO- ^-s^^l A; iB5>lB are;5.«X!:tiaj:?:Cy b^t«?0.afmn.«Mlc tr-s»l-jj>h<Mi«i 

V x^^hcJfdii i!4 iestl^j- 5i ^Jujgk^ botijd^ txj^KL 

•^p^iJpG^liJr ::gt»i.5|j^*.. R* .groB|>$- 5 jpph>j^rioio' 

into :5p:^tj;5| A?^^ The tfjjt^-mkrobiij} |>;.>Kvvi^ 

adopt impMpWk'. >ate»siEf k»' i^ixm ^%^€3ii- m- coisssct 
W3ih cvs)^ walk of rfsii;sx?iv>j^j3:iiii^f}x$ iind Atophsphih;.' 

bi:' .by- kici.>rf:x>x<^iijj:g. rJ^sr-'polyxsii'^i n:h-i \>\is\i>: xK<ii 

polyjai:^^:. 

ikm asii h^vve « subirfemiai rxugi? m ijx>^AU;ji \^viiJx 

:i3bW:n:0.J> IcD Axii 20 kD will aiors^ m>!5>? Uviih 
fmm ihe--mtfme otiixe mbi^ii^x^. Ihe fch^ify ^^snp ix^iuiic 

Miy ifppi^>pdii^^ iBetbod inck^^^^ifig c^ov^^ievit boftdkiv 
iiSXi>b??!etioB; wuionibk ij5tec;i?cti^X];. by4i:^>^i:i bixuhuv; 
W^t^-'JiSikiiSl^; Use ptih'ifseyh oi^ i j>f<?.^i?«t fe"o?kn:«J^ T'"*^^ kV 



kiijg; atBplBpiijbc bobavk>f md iiv kle-jtiiyiiijg optlsjisl 

DB»ji.Ef > :Df:- j^CRn:j<;5K of iM- 

M:k'fOfckVi iiit'^.'ietiv^is >cgi<5S^4,"ij?.t scxio^s codikiukig; pfOl- 
f>-l>^^>ik1e« <sxhilbit i>oi*?s5t ivt-3E»%-k^iefi;sk th:^y lieis^JntK'v 

w?ty$^. y^jijt •:?5l>iieci >^ .^ijtt>&ai«ji*^l hm^llie jx^^iitklilbx 

.Sipp?02id5&5s lor C<>JJtete5g,-ll5«:- giWtb; f>f mMote Sft-i? 

y;i:k*abie m4 "hm^: c0mmmm\ p<ft<m- 

■ d;Jl. A^l^io^kf^>bi;:^^ p^^|1«bdi?^^ mlsiit^d tc?: sbe mjijjidjsin:^^ ksve 
dtf$<iritbk hjo>>?gica}: at:;i^Hbi:i$: bui thm: ^siUiiy mMmkM. Ail 

:fijkfobi^:h pcjJytjk^J:^^ wbkdi -^ir*? isv^iiki^k :d%iB i$ii;'i?cpif.tlsi-><-^^ 
iimi fe<xiny isviblabk mot>v^ i^ixi wkkb c^n bt- ^ncoipp- 
fXfed iv:!>>. or oft kj> b wici^ vf:rio?y of m^iftedasi?; ^hid Cistii 

M rei-f^'^ ^ .<k^-5Jig?i of ooitobkxkigkiii polj'^i^ 

with ueik<k^fvii:;5i .Si;covu3;?ry ^^JJd u?n};x:y ^jrijc^v^fc^s (S H. 
G<^km«V! v?^; ^...Ar-^i. 'C^mt Micx. 1;^>9S 3':vn3-S(>; A. k. 
B-Jmxvijjx^ k. HVZtitcteiJiati. c:.);/^^^^ ^":-'/«^?. .^>;t>/- ,, ]:9^9 
6$"*^: K, ly ^'4kX'f>v v^! ^0.. '■>j.>>^ i>r}>^. Or^f.v />;^V.. 

tvifjte^ oj^:SiJikl pbii^i^ Of gsi«j:v dj^ioisiry (E-.Ajbevk^i^kaM 

fooiteiistf wokhis j^ppj^j^ichitig l)id:ioafi. BsvJ il^ivbi- 
pj?aeBt (>f ib;ki IRW ik::ld of :h«>j?:iC5dit^ei^o sc^;{iit^jict^-.spoot% 
I ji^gpioi^jx p?o03k^^^ to gi?aeos?:e moteMfe^ wli^j ooyo^ dj^^i^ 
L-'ifi afixj p.hysk^t pfx>^?mie;s Lbat wjM ^pm:t th*? g^iip beiw^^t^u 

]\xm> of $ijolt?coki; jyfjkally x;orK|?0:$od isl' -om ?0 .-^ 'f^w 
j?x-J50fnort;. By Ci:>ntfi^si; fepisdo^ >md pi*<>tehxs 55^^>k^eyk'!]> 

o^^ssr s^i)«SK^;i ..to|K>l^>gy .. <uks ^i^spijijsjtem'^try; i:bcr>.<^ hoaiO- 

disfbrr^e N<Xp.lt"vX.V-^iX:< iik >>b<i<>rfKTS U'r^M^i^iW.J i;ji>k:t,iJit^^ 

w\ik cd" bolk oolymor-v <itJd pttjtdij;-?;: 

F;KXiil]y iitiipblpbBx: polytssexs catx ha homopolyni'&tii 

u iitxd a poliir $ol5i>ikoej5t m cc-pokOier* wfeelft: om miminmt 
h whi^iiVii&^ wkb: a poksf ^subst[%v:x^fi!^ li^a C'lh<^f mOJit:>^i?of 

N\:b>Oif;U:<l Wf^h a UtJ^pijioV -ubsiratcrTit.. S:^;v\^ ;he -:■:^:.^l^■i•:0 
CTOb■iJif| -scbviiy artiies :a-^>m sb?:^ .itavphspbilk ohiif;jctor c^>r:- 
Ibo-od by e ptiinixltv: ^j}lt^?p« .of JJk^o chaibs j^id^or sbao jIjo 

ph iXm^. '^m-- i^i^i 'f '''i^npciCi^d xa.,prpd\x<?<? fekiiy ijsxmbspbtiio 

:.u;d v-.'.)y:.>^:-.^r botiF50y^oiymev.> ;.;vij ?.;.^potyjTii?r$ 
of tbo pfo:i%?j>i jjavt?Kdoxi:(F}:0:, |.:j cxt^ bo cornproed :*t>ldy of 
i^oximk Of li>^i05:^5;50)5Xi<^ik sOknSOBjeo^ of xmy hxeliKk Ixnix 
.irvXOc^bt: aail ijhph;n;k .moxtok>iih$> . <te; <xtt:bodi:ai.'i%s.t^ o.f ih^- 

^.t-stoji5<> inomm^^- :r:he pblyoajkfe^ md -mkym^^i^ 
.>n Ik^ aymiiXi^iiid eriker by fqxe^dbwiy J inkbg <smhxo d 
;^ h^drc^sy) ^4^4 ox>j[Kjmeo^ ( 1, I) or by likeim^idpg; 
vba.as:fe:{or dfcdosxy) <ir}<.i d k-:af boxy lie isosd. JJKOJiouxofii 
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a ^im immiiitloii these ti^NdifenkJU?? ;sljA?r 

;3Acl ^iAj dqjicCtJd wish ons^ pQiM aud iSAO niiAfinJASir 

*rh<? optijXiiiJ sxih«E3tiJfcitHS d«:tmiiR>t'd by the 

Whik^ jx>ty;-!.!.V;j<3es ;5nd ^-sjiyij^ier^ ;.=!t>.' {he m;<: i ^ .!:Ti?nc>;j 

ui^:^ i^vaiv".|*i.?iod Iv^vif very sja^Vliir pro|^i:TUes. T[ic dtsf^i^jee 
i-irjetfiC5it pattern v>Mhi.- poiymi.T i;jr> <>^-,ijjJC^^ v^^if 

;s OJji'^-^ine 1 hi.' Lkst.stjce b<.'[\\et.'vs .-jjk! Jhe febiivc .■•rjeAioiiC'iJ 

llui^ jX'p^i.xrtib^ ;.hv c^jrboi'^y] ,5-^x*i>up v/hh :i (bc;.=irb<;>t:yi ;i.:u;rs 
the di^toi'VC b^^tweji Jhc:" fi;e^i>>rai:'rs inyd :he pj-3:>p<::at;hy <>;' 

c.i{flx>f:.>! jnv>!<;>ty ajsd whe^r jhe ptrsiodkhy u^r die jx^lyuier. 
t^yrovfjel^iik. csishydrhk Ki. Z. ;Vg) repie?>:.'jsxs sitl^ CititAljirr 
iskefi>;5:Uv<; to $iajpU^ ijnbigt^^ which c-m Hsjxrsjficajsi 

The synthchc" jjrom;i<5ii e^i bt' tiKxiiikd so pxodi;ee 
dii^i?mii j'^tftg*?^ in moU%:\(kv: ^^i^iglit «t3d Uite <?ftSi-mk^K>bii3.i 
^^olymer v>f she fmefJt ^5VJt;;fJti<*ii wiH |mv? mokx^^kir 
%vek>:ijt hdeeiA^d to hnp^srt phy ^k^id ;i«d djeraie;?; p.;^;?pt?K«.*i; 
*ipdj5>i/^^i Tor iiht? pinruciibsr ^3ppjkx=it5f)i> bextig c<^:}K^«!p^^^^i^>il 
TxaditkjfisJ psxiysicr syfi?hesjtis pjx-tktctf a pfodwet v<idi a 
fs&ige c?t iJiok't'i-jkit weighi^t. rhe jx>!y35i«jj- c^tCfisist 
rotxliH- iJppr*x-kiie rhtU rhe ei^t^ifj ;eri^t<ih of lhi^<.ii prtH'm«'.« 
e;:La be veded by ^j^ehi'ti^ivur^ krii;v, ivs die p^^yAurr nii, 
PixH'tJXcrK of ditf; p?VN;;^ri? k^vendr^a ata range j.n njok-'CSxlsii- 
weighJ fmxvs ^slx>:Ji. i<<X"J f>=}koj:: i; up jo ahoui ?r.5<>' kdo4>.:!ba>:3i>. 
Adv;iac'i;fnofii^ i?i :;i>hd'-p!n^Ko ^j;k! <OLU«X->fJ pboiiso ^yrJhe^U 
ol'si:UJ5>:> ticsd ;:4.ig<>mf have ii^i^ik \n\di>^bJc techmqtx";^ t<? 
ptepcffe ixjf'K>ge;HX3jr> po lyax'!:?; ch' oli^oiucrs vvUb d*dxi<^i 
^eoijenec u:id <ivxr o.fid t'to^.' ifcK^b:«}<.pies c-aft bcixkptc'4u> the 



!,*kn\jetrt$ o! hot^j posuhe ite)^.«td>e de*.i^n 

ixi-mX i<n\iw^ oii bit^Jt^kbiJxor ^ Cfrojetth* j^^id VNvW uui 

vmHv >si*ti vt>tk s'<iri^^\ i.4 ^<\{i-v^jxc^'-waik pi*K'i»5<xcs. 

polvuiCJi. v:0<>pt Xh^ >ie^ji\\l foU^xl t'tmfvx-notjoij Kc^ 

u95\imokx"\d.fr b\4io^Vtt KMJ>i^tfg J Jx^ts-v ^v^^ AOti CvM\i i^rux^to 
di^j ^^t jx>oJ3oi!jeiN o«J ni^j^ificadot. ^Mn$vxl djo Kii:kK«J5C: 
titi^ti<ji$ <^f by nuik\ Jiv.u^o^j^ ^roun^ n^*- t.vjnifk\ Jko 
r <.j>eui.i. v-i }-ii<jlt!pk hNe:f-x:Li,i5 tvtid vk>ti*^^'*. v!.ud ii>>vep^^**=^ 
jNxui; the io'vM \\^V\^i kxxi >.'^\itf«->i\ c 

i \i< <i i >l<< u b i i Ix^f e 1 f oi \ t Kv iNt* pksccmrft? ot 
uo^ ^te\\, v.\ VK^ir^^^ ' rt^u i:reij^"n«ov f Nvtb^ix' 
k--sael ^eeoi ''xx ^U5X^i!U^^s.*t^1r <** sat K-'X^ JXv J-^oAtnc^ 

kxi^ n xv^e^vi^x^i? pK^^kxt ^ ^ esat^jpic n t X'- f ^^o„.- 
?xd c< >X > TkX" o ^ r > ix^f ^ ^ ^ L 1 f<>"M <>tXA' 



K ^>oe. 

i «x^ b> 
t c e 



pCrh-iiredjxxe'S d"-K; 'x 



iXid o.^i?sbsi rnx^^xx'?.xei. i;dxi3xr X> poMifixdi^f; fN. SKX^tirJo^x ic; 

/Wv.'v^ 65, 2>6:^ ri<>^^?};- FIG iVd^sjxl IVe 
dq'-kt ivvo dfiT;rfevft s^fb-iUv;t::>?x paPenr- vN'htcl; be 

ri;e p^rh ujer de:d;^ii p<\xx""> ? .iLa-pH' :X\^;j.b\v. v5 .>!riR"nife uj 
v;bk\h iht^ refHr<!3u\v? xx^isej^c?;^ 5;.<x mo:}<>uxxx jxyti.hes the 
seeoiidj^x\V ^JfXirt-iJX" ;.xkypti;d by Jix"" h.-jckboxc:. Oavv Jhe 
pef.x>dxcr:y d^ >:5bservo<L J5x-?xx:XX?; ^,i^b^^unvt;;:d wiib f^^-iliif 
^^ad vic\fjjxd'-ir y:vv^op.v iuoaorfieo. <jvusi ix^ prep.-^rc^l f-^jxl ir:ifv>- 
di^eed Ir. py5KX.;:;c e<jXi>5rk. ;}fnpJdphilk :vv';;inxi<Jiy. Afv>- 
tf5;::t'i: ;\^^\;;^xd:r^ jiX: >x^\\i.-^ b-Cv-XJextlv i^jve t.«j?.ty ;? lev; 
ii;.;^t:>:x;; :X^:A;ees v>: xsxxb^jx pe? lepeiu dypu.ciDy ;xvc> ^^r 
foiiry hx j.hl- cj.^^x'i ibe 5>tfco!3<;br>' i^sn^cXire <idof?xxi by Uti^^tt 
l^tolyjix^rs tSXKvi Ukcly picsjxac wbh polar mx4 ixoapoi^jr 
gj-(.iwpst cx:eji<W iix>m oppo^ili^ sides of tht^ btiekfcom'. In 
^ionic eiix<:^r>. the <i*^j;ircd jkixl i^»5phip]«lkxty cfffi b^:* 

.A<klujov:it.^ fxoiecxdiir t<;^:5xu-e;> t^iii be ctdded J-.; she Ax^tix 
ronx>k'c.»Jar kjckbt:tjx<> io pAJjXi<3ije sh^j d<?S3.ax\ s^efCijjxdarv' 



^x 



i ^ ^X<I > UVvs 

X XX K rx- \n V o }p 
X t^vX'-'^^ t cbx x^ ^ 



b ^ vX ^Ix 
'"t X'- iXv. > 



JXO 

vf X 



X .Xife 

o<^5 X<tJ J 



. J X o 



io 



X^^^^ 

V v>t. 



Xt ^ixtre 
> I d u 
k s j; K\ > ^Ne-? 
J x^ iu ot A ^ 



in Xv^f 

iOv 5 } t^ XU 

X" dx- 

b^ b sck- 
in. p ily- 
\ e x'ij^g 

X ^ ^XiX. 

5\dio^.ej3- 




Mkgidtxiis iii}^ ^ otk<:.f tJi^txtn^iiy ijee^tx'hxg i^«ijib?i<:ieri::jl 
pi*pttdesi ekbtfeti: <?<>«r^ jii^jf^ibUt v^icjjjtisoj^ bx tlxxf ehs* bx liijjgdx 

iiu l5ydr<:^b<>hkhy ^d d|^i%tt4*354 of ckit-gcs. IM^^s IJhe5?i;r 
pepikbii diJ, Ijowevsjjv *x>atsim |JMJttVt^y dja%«e?J 
adds; J5;ad a l«fjse hyikjpkjbk .mT>mijpbre^j33tmg xj ii 'U^h 
pmpex$% b> tsdopt a4id5<?itl: c<JMomi^<:io»$ • m. •5t:;hyd^xjph<J:- 
bk <:jiviciXifBeaJ, e.g., ;:L C:iflk*xrjac>^ of DiXiimf^^ 

6y mm&m'm^ (^r Oi:m: <iiiiX Y. Sfcsx Biopoiysjx^f^^^ (^i^epxd>?- 
Sc;ie»fi<?), l^^^S 47> 4S1-4&^S.) Tm fm<>^<^ ^^^^^ <rf 
}3^d rc-|?ht>hkr siitd Jiydf^>ph:JAli^ »iijd« i:h#f iji bX: t^xelr ?5s?|jxsi* jjekl 



us ?,|- 



JO 



^i«"y ci>5:idiiUx>a lor :iOrinA.{ig s :j^:!cki?y v:aj|>l:il]>;i:ii?^^ i.iriSf Mf>o j * 
tt5fcj^mok'C»:fe .$k«[jxki-.h«v«: n- r<:^mim^ r^mmxi i-f point mai 

single Wf0 a^ mmi^smm -^m-jci^p^m^r^^i^ &m mrtmi 
moiimm^ 'tm^- i^sk^himd tmdiyjcaiy (tamkim jfjoly- 

iMr$v Tlisi Ji^rn '*^ol^?rs5ef ^ m hs;mxi U mm4sd m 
exv&de i^rii^liSsjSSf. pepiide?^^, p^>hp:^^p!^d^^f^ nixd ijtJ^iiJ: pri^^eiinii^ 

p(v}ynjcr birc/ki^oij^? cas be described m term^ oi ibc^ jdeiitkv 

•as>i'^j^ all ibe poh-mer ^ikle chisbis .arc ik^timd ^r>{si tHsf • ssuiKv 
}5)50j:i#:jx^5f; A i-*>j?i:%'lJK^f cim, mmprlm i^i:} or mmi- d^Himci. 

<:!di^L ptopyt 5kj--pm|*yl j$oc-huJyi, feft^a^jiL t^^Jty^ n*5o.r • 
^lijcyl . ts^i-<^^3!ieyL liCrKiiide^^ <>et jjdecylv i(i<j like?. 

tiv<> gmajiiii iirsf cytk^^«>isyl, e>^bkj^y^^ cyd^:^iesyL cycio^ 
:|>i?i'i5yr;^t«r<:yi::Mii??^^^^ 



phy-iiiokmma\;tmM ^iitd; bi^;-nisc: hi^i- 

ijtrjcycb;^; «:;-s' pyriditu^ qvibiOiim i;T:b:l^mj|<?rknkl;s:s:>lbiev 

rsyrmlsddje, pip!:jfkib>>j, p%e?-a^^<:5e, 4-:;d;:yipxpt?r:;i^:d5e, md 
deriv^ftivt^s rhe^■ec^^^ mch ix>s 2-iri"fii«:>pyndit:^t?j 4 •'i:f.u>f5;bK>pyn ■•: 
4km.. 2-imkmimiihmirm, 4"mxmikitiiikm0ii& mVU v^b^sxii^ 



hyxkTr;^biik .«:?g.bj3.s.: Axi ^i5irjj>bjpbjlk: |^<>lymer jXK^^i^^re:? ibe 
pmmiim of bcrih bydfo'pbo'bie tfM liydA^pbilk 
::dimg tbi; j^v^h-a5M b<^i:k]>oj5<i. The <>bhy<^f<;*|i:lxobi^ 
Mid }wdA<|>hilb: gA>D.pH is ^^vx^e•^^:^ry, but i^j^iScieviJ, 
Cv;xidi-b<m to proihiC<; my <^xiiphipmhc n.tyyl<x^ido or p>lyA^e;f. 
j;*C!'ly.ti#r^ ■ fax^tiijjxdy adopi: a nsjxkjai or tlimtdktM mnfot^ 
motion In wbicb Jhe i^klc dxiijis Im^m^'mmhmfy: -m 
^iiiVi^ iiiid \hoi<^ oro m i^iwd jsi:d vif hyd:r^>pk>b$i^ ai;d bydi^j- 
Th*? leni^ "i^iciiVny ai^ip^k|ddlie Of -''iiiclM mnpMpMlvc- 
by" a« iJKed Ijeran ^fescfibi^^ pidyij^ei^i wb:b pi'nM Cbydfo- 
ajx^ ■ .{50»r!<:^i?*?' : ("^:tydm5?ljo^>ik\} . ■$|di': cb^itdss sb;5:J acbpi 

Cftliy ^eee^^iib]^ kAv-<:yje;fgy CimJi:) p<dy- 
mi5r bai;kboi:V'^:.. ;^ikl3-H».>j>2d]y .fjjxiclijws i?r hk>c'k Ci>fj0l:yij);5:?fiv 
m^y j-?^i3td0Kv b;s<:skbj>iu:i c> siiJbn^itaiiorJjv ibiivi do n<M l^^std 
to-*il§t)ml: J5y4s>t>pbnk mi hvdtop^ioUo xomom or whkhiky. 
myi: ^iO^omii^ inom, di^&ooi fooi:i^ of dm poi^mm.- 'th.^'^^ 
cc?i•^^>^^•i;u.'^■•^ ef<^ noi ijcju'dy .jAVfjbb^bdk <ts delJAed birrtSsi 

L-?%ita^t*? id Xim tAi^Y occiimxig mmiio jjckk. Tim 

(y:«?f>i;atj> ij^^t^psj^ar*, tiysji^bjt^, |>;fidiB<i, feiidkk^" 
a$pm:ik s:c;ld, si^i^^Sfyjsiae, gl a<*id^ gkiti^iiidic, c^:;? boxy- 

m xm^hmmr^^ ^^^^ m^^mm^m iM^rc&i^n 

mjg. stiijiiio jactd" jxjjfefj* jo $ldij chaiij -of a ^>skiv4?iy 
di^yriij^iS, tjSJgsdJ^y chisi^i?d wli>-^^y*l^5;*^J*?^^^^ 
Xi^mi ^'jK?up<>%j- skl«? cl^jssa t>f iii*Jw>jOy tKcufS'mg 

m Mixxi^Viixmi Mxiixxo ackl k-jvbjg; .a jstj^lttv^ly: cfelijj^gesl ^ky 

jsi53^}?;iv<jiy distlfgeii i);:t^Ji3«d]Y tj^jcfeiiig ^mm0 '^M^.'iiiK iip^i- 
xm<^> Ivmrn-iiiid hmMim, 

•Bie 'liydtoplljfic i^jxdjicj iic^'- fjicstisi* my ami«i]t sckl 
toas^ aji s^xiirhaj^i^i, polm s^id^ trNl^f tto h X5t?Mveiy 
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ii 



1% 



o j< un tlx < > ^ 1 ^?JV^^ > I -^iyk ^ l\i 



X 1^ '^^^'^ ^ * -'T > 'vs i --^i .K f — S. — S — <K yyy 

HU^.^i:i^»'v\: vxiiit o polo- ij'j .-iU: .} f 

\ s ; j^/ > s,f^V'-ni«?U;J 'o. till :i jv\<]ur f^) '^^^>i^i' ^^ujI ih^^' 
^.r>0 v5 A vV.jJ \< \s !i>N S^^pht;iiUv'iiO ^^r hci- 

<5.mxij< ijjui )u^tJ]X'L^r ► Ni^) ^^^^^^ ^ > ^ ^ ^ .^ 

^:joro p»>Usf ^y^iVj-O-kir >:^H:p 

!h<m :i ^^r^^nj^ o-Hi^tN^mv, os'^ , ^ \ .dlo\ L ^ ^^^^ i. .^5^r<>' 

bKSJK^bt^ J Jky I C \ C eye i» Jky I ?ni -Fjocyi^j t jr poly- 

cychi t.tr jvttyi:ydk hoU-fOx^ryl t5^>ikHtviHy ^ijbsiiiiittsJ 
wj^h oiss? ^-r more <\ i:lks1. <\ C\^ cilkoj^y; v>r hwk^ 

{ i\ ^it^-ixy^x k tNvs «ct hy I i iscih .>xy i?Uu*xy asoihy i xu^l 



.......:::;?:.....:^<:^i^^..-....V. m*} 

- jhNcm x^-ticcxt\' <.\.o^3p ..c-j ^5 ^?U'0 ^> ^, 

^ K % x\ V, V. >i > }w I V St n >,x 
di^t i !>":Vij in-i'j ^jo: 

i '\ \\ iy, i\ 

n J h^di V V p 
j> ^\ o<Jo*xn death 0 K> 
n N > f k jHn « Oi* 



t J X u ^ ^ ^ t ^ px oM n } 



til 



i-ff' L.-r R'^' mxd iV ' <^ .ix?JX}x?h5r ^'Np! gA^^.tp: 

hy droxycH i?>xy jxit^ by I, i ssod ioxy eiix :t>:y i jxethy i <>.f p\ xly ■ 

, ^-^ilkylpipijj^v^iij^^ m<i |>ktrr3yt i:?pt}om!|]:y mb- 

stIsJwtM wiJih i^m mom mmm^ hv^^ j^iiAtm^ 
.{u oi: km<^t dhlkyhtmrnm *»xdr 

amino oz hy<k^Ky\^i'mpi 
p h iM^ps^^miy lo spd. 

Still eij5atei]jJic*iJii <^r tMv prt'^rieiit iijvcfiiksi} is a 

pdym^Jtic A2<5mjxxii34 of fofjtul^* 
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h-A<.i ^r<''ifp> hc^ci^>;nyi >v^^L:5.>fi^dny siU'J^^Uiu^txH \>,dh 



hydA<>;\L C', <\. ;^lkybi:.urn! i'.. <:lk!rKyb!.V!hu\ 
ii^^v^.ntjyh Kcc-bi-iKi. tcf^fusiyu iv}>eii5yL i:->vj->t^n!:yK 

SUk"- choJA xif if sUii^XCdl ;u:3u:ii rX :-J;> ;:Xad ir ^ i'v '.\ poliit grv>J3p 

ctiivL aicOXf>:yi:iJ)j>:<yxti5;jhyi ]>c.4>^;>>:y{:fUoto*? 



dk^Jkyiaj».HK> arid k>w<:T ^rcykir^hic' *.^ptk>«slly ^v'^i- 
iiiitiiied w:ii:k oms or aitfre c^jshitf, km<it alkylmmno 



:xt^<^h<:r ;;\^i^xxliu3i?.nt 5;<f ihe 3>!\^'>eai jAv-.rjjtiiJA in 

A ^md H vsjc bujjfpeiukAUy iiptfovt.tiiy '^ubsifUthxi uv. 
p-p^iKVjykAC, 2;sS- dik>ph<::ys"ics'ii^ or 2.S-py> ^-^i^i-c: 

^iskys. i* , cyc kxtJkyL p^st^AvJ op^.kjrti^Uy s^^lx-^fh^uvi 

[■j.<]o jJiviH^f5?. '.md hL.'k^r;.;;:!ryi i;pU<>ii;iUy v.ibsiiUthrd wUh 
oih:^ or fAOK-: < ' ^ C\ :^5kyi j^rk''o.v>. (\ ( '_. ^dkoxy !:>r r>i^k.i 
c?,ixx^p^> my} U umi p ^^re deJXH/'j b^^k:^^■- 
P i:: a pokir group '5<;kt-ij;xl Tr^.'ssx gJXjsip Ci*js.sj$tii}t> Crf llin, 
hydro .<yvnhi?xymeshyij r:Js^th^?xyi^^hoxym'^tt'^yi *>jr piJly- 

V hi so^xn<xJ A\5JV! a ^i'0'A\> con<ntiir>i of ir.rsijx.^ 
hydrC'XvL CV"^-v> iJkkyhxribx^ C--<7^ d«dkyi:-j];xi5J5.o. 

diaikyi^ArdAO mid kjv^cr ?Jt*yk-jmj"«n t>p?kx:':?i:y j^jsb- 
i'.titisKxl ortt? jjxjm Airajx?, lijmts' oikyJ;.^,irij.iXf 
o^.-kav^-f dislkykmit-y; «: m4. 

An. i?mkxiimtM« of iho pjx'>N«jl iavisntioa ;j po1y5rivi:nc 

>i h KR x W h hydn>^<:fi, oj^d y b C^O or C:>?*«^<: 

A ;sAd H iiii.^. jAxjqxxtiik^Atly i''.p?k>vusl]y -xib^ijmilcd m-, 

NPk-r<5 AOiipol^ir^ioi-p !r5--kr!:5=;fK:vrn:y i;:;kxU.'d ko.fi' R"or 
U 0-'H;.V, R^ %vhef0.ifs R'" i:i .veioctod ^bxAi jfi"^:xtf^ 

COV;^i:'.:U[g <>l hVtkokXl^. iJX^thvk jXhvk U-ptOoyl 

pn>pyi A-fxityL iso-ixfiyk st\>bi:iyi. tcft-bitiyk i>-}Xf5- 
tvk i$o-pt^iJjyL. iiiii-^ v5::;..-pvitiyi ;xxi \J m\il .-X""-;: iii; 
<lehtjiX^ boiow; 

P <5 pobr ^^,'A.<Up l.i (^^'E"f>P,-, • -^'^ ^vbcn;-jA ' : ;:b:-;'-:\At lA^ 
SufXtii>, )0^^•i:T di<J^kyl•AT:l!X^, tm\d;s/oU.\ vpXXlf!iii^;\ 

di?x^ ptr?;x«:>:bx\ 4-;jjkyjj>i^x:x'^j>?kit?;. md 
p iiSdufjiijxk'Jiiy U iiy k: 

jxoj-tc cojApcii^^d oT kjixiii};-! s ^^iiorcdfj. 
X b .NR '. y jii <XX ;5sxi: R ■ iji %dfc>gSJi3: 
A 5iri*?. B ^trif or p-pix;nykffJ<? \vh%jR>in. (i) .A is $^vtbi^LitJJt.ed 

$c-t!NitU5te;d ni dx<? 5 -posidor* ^vjtli $i jx<>npoi^jr {NF> 
^foiJp, ivi) A k ^iiVbsdt^rsiXs^ift 2-|x>'i>itkxi wtiJ^ pj >k^.f 

^xnxip and B l-.-. . i^h^ihimd ihi- 2'pou\loti wish a 
AOi-jpobr (NPj ^^t'v^'-'P '^vsd 5iS the 5--|x^dtk>ri \v>:Jh ts pOi;sr 
(F) grovX> or. A h ^iVb^dUri'X.^ ^^t Uiu' 2-po$tdo{i \Y<ik 
<jtK^ of ;.=! pC:l;>\r iV) Of AOiipobr «NI'} ^-;roiJp ::iv!i,^ H i$ 
srtbsmtiUX! i"!5 tlx^ 2-posfnof:. wi^h ihc< <fihci oj mm- 
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I, M/j.-Vniy^ Uri-H:!\5. i^-rcAiv]. ist<-jK.'m>i, '^uJ 



(mi 



[ft «^ 



^ vx4vi^ \'^>^^p uOu>v K .Tv' " so vv ^^ n R\ ^ 

^5;^ \\ 'lOl^J "^Jv^\>< >stsi<r^ \ fWiP^ }\v' 

n is r> n ^^^^^ jKmi "^0?* 



ix4m^% :i««<>"%Mt$: I... -^i^e-huiy^ tert-bujv:!, js^fs^iySy im-^ 




\ 



Urh^K hoMiiyir- ^^^^^^^ i^e^-'^yti^t tir^iys^X.M^- 
pmxiyh mji m^^-^m^ "mi U mil p m 



1 



^^^^ .-^''^^"^s.^ 

■ 



17 

eiEh;;\' IV'" ojxi R'^' atv .hnkpvtideatlv ^i>obr sj^P) ojx^ 
R-' R'^ -ii-'j: h:.dcpervdt/!i>iy :j<>v55>>li;f (NR) bi:A:.v!p^ 

^NRj <ir;:'-iv.'>s .-nd iv' ' ;:fi>u R'" -^ra 1^^^■icp^:^•det•t^h■ poJitr 
ta^ri ^ ^ s ^ v\ud 

\ a ^ V ^ O J ) U K J s ^ 

! > V V R u\R <i R R ^ ^ tv< M 

— V. i ■( J. — > t ) ^ ^ — < 

>^ U OJi ^{U O^t ^ I J j-i^^R 

^ \3 t i ^ \ *^ R V » 

X seoi V ^xt. )< is mK!ju tx* ^^nti i}\ tn \.^' ^ ^ p.Ji \ 
a I ^A^t^ifti ^NP^ cioim ^tv' jV i^R\< S ^jXv J> 

viKlAXJf f^ XS f 1 K\ 15V> vJ'H f 

>iK^ Co \0 h s s^i^ V JKJ } si J O 3 Rj ^^-^ \ ^ 

k ^ ^ * R i ^ M S V t <, \ >s 

t ^^^^^ j^Vs s^v Cv^c^^vJ^ i> ^ 

s I ^ X 3 ^ o J ^>.v ^ >sx J ^ ^ok^ ^ ^ ^ m 

\3 - < >^ t \ I 4 t ip l^i V H ^ ^ ^ n: 

t< > R ^ > V > » > v\ V i-i^ i 
I } > V. X N X < N \ < V. i K s ^ 

^-^ ^ <. k i ^ ^ K\ ( 1 <. ^ ^ 

^ t k\ ^ < J V % M ^ X p\ X > U 

4^ i > a \ ^ < '5 H >wk 

Ri^ ^ ^\ ^> Vv H > v.xt<„<J J > I f <.\M M Hv 

MB -, -ct^iypi , <:.(:-^^^i)K^j. , s^>^^<>:k 



B2 

m 

b^i^^ic Ji(^5crv>cycje. p]x:;ayl <?pikxii^ ]J:y s^i;:bi.t sUil^d: 

t;: ^sati iowm m0imim i^piimi^ly mmi^imi. 

vvi\h <^m x?i- aimnOv ]*>svi?!' iifeMJ^&^ii ttc ^|;;^^•<^;^ 

iix<r jj|^y|>^}><: v>f5U<>iiiilly xkb$tita^^ With aji 

r? p i?s>fe| »?jxi<rf}Ry R m <<; 
m is 2 ■•:■> ii\ ^^yiii 5(H). 

Ajx>ih<j:f t^iijbodks3i?5:itc>^" ;kt^ pr^??<^^jxi inv^^nibR i*i -Si posv-^ 
merits comptxjiid of ihmviJJX 11 wkeri^iu: 
x --Ke y -CO: 

$il Rjt^ 2-p>skbAX wxjh ;5 pi>]$x (F> ^^"O^^R ::y:x<R B i$ 
:skbi>iktiiOvl j^t Rii? 5-;pvVr;!kin). w:ilk .ir fimf^vRar (NR) 

pofef (R) gRjWi^ aixR^vr th<^ 5--pONiki<:^ri wkk ft Si>f5p^>J<^r 
:> (NP) K>.t>:5xtr? ;:Jj.x(I idihitr i:xih:i!. Raxed m l[k> .^-xx.vi-jxticjx 
•'>vj.th -$t 'j5<>t5pit>l=»- (NR) '^xotsp attd <ii ihi$- >-pimi{m milx 

■ - U {C r { > ) .,- R'^ wh^fijixx is selt?c5;ed R^ 'm J?.*p: 
^p■ c«XNX^;:kxg M Yimkyl eR^yk x^R^^>;pyl^:i^^<^-p•^'^0x to- 
'h»?v|., .$<>c->b\5ivk t#ji'-bii?y|,; bo>p<!;Siyl aijd .sgsc-fstjgjxjvl 
mid md p ^ut: 0-- 4^m0ii h€km\ 

.Si?k>e-i4?d ih-jjn j^irix^p cox^.k-.Juxvi ofvUTRx-.-. r.>ikyi 

.lp:jR5>T<v.?i^^^^ 
p k k5d>?peiji>teiiy R k> $i 
r: uj s:-: 2 xR sir kai^i stfexti 500. 

Yci <JiKRk5ir sjinbodRxxCiii ^jf Rjc pixr$ci>l xjivmtk^Ji k ii 
vBXrfk cojamxtiid RxcmRj;i 0; whiif<: A it^ iRi: ofitk^Mfv- 

rjiJtuKrd ^$0'jt.>^r^h^dk^ ack^ 




si-p^)?*5?k j?5<>~pn^pyR ii-fej^iyl, ijj«>^5^jiy!, wjc^-bt^jjl ksrt- 
ki^ sy ! , i i 'i^jJKtvk J $o -p^mjyl^ s«(:^p^Rjy 1: 
ki k () ojr S; ' 



xmijn,m bi 



n 



V c 




biavL H5»hjnyJ iv^n-^JS^u'L j.-f^i^niyj .rJ 

J pi^lu^- ^X'^i^ft ( ' > < 1 ^ \ heroin I i * ^'^f- 

^>n\{.'f Lu^vj ^niivLu'ok', x i v 



my 



5U 



I 



"^*^>y*>^ ^^^^S^-'^' """^jy"^' '^'if"^^ ^^^^'^^ 'J^V.. 

Ill M I JS^ 



Sot I iky^^i k tih o M< « } s M ^ M 

X"^ >t ^ ^ ^ V n p ^ s 3K i t V ^« ^ \ V.I 

N < ^■'s < i ^ J ^ } ^' "l i 0 \ -it 

K U ^ \ ^ * A s i M <,J ^ < 

Jo ^>^^ u> "^s.^^ ^ i ^ *U JO f } ^^ ^ >0 

SI O i v\ t 3 I h \ ^K'' M < ^ IS I s n } 

-sj 0? V -vU < ji to ^ O <U h ^\ >J ^sUa^o^ 

\Vi \ ^ ^ ^ ^^'^ > >v f ^ ^ V S.^ ^ J N V 

<<. M V ^ ! ^^ < . ] <. I I { t 

f \ I ""S ^ I J i ^^ V } ^>^ J c s \ 

s ^ >> i3> St jovU^ n't r<?uxtpooasv ^ ^^t 
x*^s< >o^ uj"?h\^ ^\'*^ht<^\c«ho\\u^ <Ad 



V^530JX^A3V 

Ml---. ---C(""()iS---, ■■■""•S^)NH , Si— 

V $oiai:;Oii imm S^^^^^^ o<>^3Sji*i;itig cjmsjjo. 

opt k>j:ii:lly ^Vibsijiiiiiotr w me riKvro smlm>. lo w^i^r 

{?: ^^^ £ssd<^>Cfmj«tiily 0 
m is 2 tc^ 5tt toist ^kjiitt 

ixslym^k IV wherdti: 

<sf |>-§>ho:aylo::ie: 



us ?,l 
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...... (5;;^ 

stt bjjJittJ^sd ^it h < ■ ^ - C!"^ Alky iSamii io, (? . ■. 

m lower :di^iVkcykimkto 

tmrM:0i^m cbim^i^^\^^ wish ^ssj 

'Pi is 0 to i^ad< 

xii iii Z t<:> Kit It^iiSt ;;!a>v9XI 5(Kif.. 

ii5 -if^: S-pimiimi n- .«< ?j:j.pol:Af (MP); gfXrs?p. or < 5\ * v 
• • • rU- • • :((. ^Ilx);,- • • • R"' ■;svk<Jim'3f R' $e{t^cRxf fi-i -tj^^ k ^-.s'l ^^ip 

nB0i.}J^B^ aiid ;:i:i;jCH;:kj y ps^enditi^^. pqv 

;aJ: iii 2 j::!:;: leit^^t 5(K),. 

Aiiodi^:]!: <JSi5k5dj»i4;^5:t :of'..ik<? px^mjt- ^v^^jstk^a ^ » P<>^y- 




■<?r<5y:JAe-; t«:<;k 



k^^xor vk!}Vy};vx^3jX!.'. .^iSimulUxr. pymkat\ pipcrcj>:k>v. 

4-^ sik y ] p : p&v^jz 5 ; 

m h 2 Xi.y M kii^vuhimi i>ii 
mevi^: >:»>itisx>i}i)d *.^r iovAuji:i X\ 111 




f1 
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p\| r>-'^ii>^ w^VviiU, U'ivHjj>l U'p<'ii- 

jrvU K5.r.i4 HsNUi-K, pif^irryiu*:. pjjuii-ay.wK*, 4^if]ky- 

p \ ' tis'ioj^tsKk'h^K ^; .11 sd. 

propaKNi by ^hcrnsv Jehy^jr.r Vi3 ^t-jn-'^ ^.u? ^ t'^ 

t\U^*> • .iiiiJiv'-ftvNi.v i>i OK'^^. iv;o:ho4s ;o) 1:1^5 1 tjj; .!fc 

luntic-i J^'^c iojvmt I'l/uiji"^;:- ^'^Tuij^hro cJv^jix iiS\0"^ ^U^u b 
;^:v >v"!iO'X!kN ^■^fc^xtfvX? U'.^k/\5:>^, . hk^nJc^ Ikt skjiU-J 

^^:^^V Jr>,k"N .jC^^vC -..'.kXfs of ..'K!^^. v^5n<.b TMv rq^l .\V .-.J^ 




.ipA r^"^s\ n>t^^ t ^iry w .<p^iWuti'.' thji ibc Jn^x y.ji-^ 
Ui'.U't'- .kl>^<>-.\ 'iiuJ >kx:k'^^k.4 ^.^f k\ ij.J^'UjjI i.^'f 

ike ifViJOi-^:',.T C.u^ k- -^^k^ktkxi .^k\\U;kXj ^ki' ;.om^v:K-r- 

P.J\'^KH*<'?5 .\hv^i-5UiiA ^^iv Jko phojU'l ot^-'xif ^.i-s ho 
;Vikyk:[^>i ^> irt^LtJl 3kt^ Tk^\u\\i j^^Ljr .-kit^ iJvuri Suui J^c-iJ ^y 

f-hv^sph^iU . .n^-^ kt :h\ = .it k^fK\f'C Jrh ^Xy^^u , 

liVvif^-^iy-J V the >^\'h^r Mh'^r^l i^v .j.rii-'^ .>Jvi V\ iji^ iho 
Ut5ki;C s:!^i lv^^/^!U ;k t 1 k^. k.-i^i <.Oi'fLnC C 10. kt I Vo;. { ? 
i^tiJoi ; vo^ij^s v'i >.^^^3J^^f;n:^ .\Uv;ri\jL«\ c3y JJ^o Uy'.ir^^s^ 

^K's-^^^X^^ ru:x J;v'tJ.U:i'\ kv:roJ^V<sJ \:rck<<!>kfki. JV.:- 

5^i;.k Uur ^afi Ix piVpUVH:lh -'imih^r ^iCqXk.tkV^ .ifC UsOkiy] 

iklij^u <ji ^iscmskpje wiik ik mil .mginmm^, ?cri?i?ijeq 

5i»xgle ihiUi. poi ill: h<im<im l^-.-M imxitai. hmm<s:^ tJie: .« )os- 
r> !»-ijijs<c::«r?i • <>xi«#}X#d W 24 M t<> mmit^z<M^ ^t^i^^ 

^mi^ ^.cmjp $^mh 0mc. Thm^^ .mp^imf^yit^. ^f<? 

b«s;Jef ML colj^ t^^^ ^j|pc;^dijji **c?avjty ^^^ evidinstcfd xJtJftsg both 
lmm'mm$,<mic^ nM^id both 
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pffi^mM ^m^^ikrK?butl pmym^ l:he goal of tbi?;*i? cotjjpii- 
wliich ;5 g4X>aJi?trk^i[ t^iid: .estate heii >=! i:o}xve!53 ^ 

will i^k>ii>i1y .jj<;ce$^>jbli?.'k><A- i^iJej-gy co.iifomiaisofSS!:. IJyslbt- 

jifj^ctjcai m\h mi^hmlc^ the-- ^h^.- <y^Ah£i-ptmm-^ im^iiiioih 
MiO^Umykii f>^mmk^ ^mm\mk}V^y> pmvjvk AUi?«ui?^ve rfe^s 

ia^ j-ai^Ki] tiy di:<>^ tojdmg) hctwei>}j t^<:H;:^s^t»^ \^ mot^ 

.fcrijitaini^sl |^si'ii5>)<5ttjr?>, i.^., ii f<:iC<^ Ikkl. fsRi^t h<5 

0x\ MrM mi><.M .'•Ci>i"iipoujx# :^i>;??:s? b:;isk $ta\cl5Jr<il,' 
i;<.n-i.fi»:>;:kvky' of p>himt 'b^M:i<y^^^ wlikli will 
:ge»-cj.njt<: rc^>:|»iRxl t(.?-rsk-:5ik5l j>ai<:jx^kk*. 'i'hs: psxKxkitiro k> 

I. :S<;l<ivx <-:i4;jvpk^ mo-d<:^l C0m|>oijiidi; tijat shari?; >;kajW^ . 
t<)y$iojid ^asterm ^vjth..|h<^ mtiz0: b«ickte(^> . 

_wli<?s«5 AK^ei^idesi^^J .sitvfhe force Jxdd pj-^isj^sstei^. 

ite pori^x^k ibidxssg; pMisnjN %-\tk p6h^ mm^a 

J.ff?l ^mS ;55:3471 ■ 2474) |5JSJj?3f^Jm; (d^. U MMl^^h^^^ 
ill J, Oa*?; Phyy. \99f^ -^^OO) J:S tJ^td. ttx tsbJtsU^ 

k^esfligafifexl 'm.ilm $m plus^b. Botb MD sia^J MI' axy^hbd:? 
AVJ;^i h^ xi§ie54: io SiStajpk dsss cc^ji:ibrimsH^xxii^ jEb?x«i4sr i^i: 



I. ?$fepra«Aix <i?Xid 0. Ff<:^jxki?i M<>L 



li^^^n ^B- 450^: -4517; 1 B VmmM d. MoL Pky^. i9M 
94:727-73 jixe Mm: Am^ ^c&l^m mnirplm^ foi ^^^fy^ 
mei':> Avklx :5xu^vip^e k>caJ ^:!:^i!ximxm^ t^i>rtj5gi;:?";iiis^>tist tijax ant 

'rh<: pi vfeaikii Cv>JXlbrEJXi!:J 3AMij> iif<: <:X<l?nU3Cd Ibc ^X>$ilkjJ sr> 

ih-^ st?Ci>utJiii:y i^tri^tilJXJ-t?. |*oly;m5?f55^ f;ji|'e<-:fc<l fe^-xU tlJ^" 
g?x:;>"pba*o w;i?b iikkab'^ baclcboi^o c<>ak>ix?iabi jmd 

w^ib: '?kfe^cbabx$ H5<? <>pi:k!s;xl pi:>.$xtlo.«$: in. knn^dxim 
0:inj>bipiijl Ji:iiy will be mf kier; i'viky^^^ m in uk>M mur&i^ 
ciiil ^y^tm\ ii'h^mmm^^ti^p, chinim. bm:mm xi jj5 jsjx«|?fe.5i«d; 
cfejp ^br c^flckSifbons wbiss? ini??xk!« well sbe lipi<^/w;xfcr 
ib^<^yer v?iwbx-'«mej:i^ N^toatiai-y :^xn;!ck}j:e^ xbtn: 

m{j5xfe baer"]>i:>]y«3e;^ .hxteaxctioxls? cmi be idex^ijJml by 
i^pi^^skvjg k^e ;xbox'e-mefibt>i?od^ c ti^vk^g it ]>ovjo<b' 

ciil fy r<^pmi<^ mrn^a M mk i;db A>f v i^rixxf^^ i^y mi^j<?U>e$ (^sO- 
cid Wi Visx-bbk ceil ji^ecisksr siy?j;jjxiicf> er ?y:k jjxk; CiirUi 
tec;mxk|Xie) wilb ;>^^ wklxeux ivolv-ev:; 'I:ke j«iiv:lx$ of dxese 
c^krilhitiojxis wxll gixkk: the i-eiectk^jx of c^ai}d«kie.s for j;y}x- 
3:bti$:k. 

attjpb ipb d k^ }:>olynjej^ by: 
:(l:)^)i^foctkj^ p<-viyii^<rf bssi^kbeti'er^ sc^tlfeldK >;yk<k:sle kxf 
;reiiXOrir?i^cx[k ;bii;«xhit:5x>ii |^<?bif ^'k) :x«d ;!xn^;pid;xr 
iNk - g;X?>X^i;; 

(2) dekff jribkug; p^xto Jetejy iiy^m-, nx>ieexd a*" iixechiimc^^ 
force % uJxfexag kh -kjkk^ qxisifiiitm ns^e^^fj%;af cst[- 

•exJlMk>t^sV 

(3) c;^iieul<iikig .i;i:^J^fesi^y ^^cces^jble i'0i^5tol»^^5S>s^^■0:f 
^;k<l backboui? xtsing; ?}K>iecxxkir- ily:«afjxk:^^ -xr x^iokeisbxf 
m;?i;h;xnxc?^ cakikakom , 

.(4)-5.dki5t«^Ykjg ejx<:5fg;etie>k^y aircer^iiihfo coii&jnxi^Ukja*?; 

<^j4xfematiajxtl fi!?]i>ci:tkxiiMebi?s a <j!?qtie;^«se f*?|?e?!^; 
(5) $y?jjbi?$klj:^ mv«5<>i«^syr^ ^j<:kh mkr m^ mupobir sub- 
?sj:kJ5ei«ij^; 

iiyt- ^'&i^ms!m$.px mmmtobM poiyimt cefsmjiiixg said 
f5X>mxjkej-5c ^>y rfyjxifess;. 

"flse jbinidiiy a«3|;ikj]>kkk ffoJ^'tam of & pveseixt invej^i- 
ikm h^e mh'^mmal mx^^- in. -tml^xiisir- w^yfeii 
kiiciajxy «:Jxph3phHic asoiecxfc v-^ bb .cjiixkc^nkic vvexghls of 
iibmit <}M-M) \0 mmx 20 kD «vi:0 mv^fe pxm to Im^ 

: ps^if^ sviiiJxetie po{yiLk^JJ-st7:p^5*^iei^^^ >Mkl ?i^jxi^)etfc 

jsfer^^ fj;stiJj54! ?i«d syj5Sl^?k jrpbfej^. c3c^^hv gksjvsest *j?>d 
cs?f^k^sjcs^ b)^ ^?pp'^>^5d^[?s;^ mkftix?«i^ mclMtiisiig t?cjV5a<?!3t;|ji:i!Sid^ 
ki^, ijxwk iu^es^cikjjj, i?iv»^i*!jx% iiJteJdito^^^ h^drop^ejx 
bojxdb?^ c>r msjis-linkujg^ Bxktjxplsjs «f SYath^itib |io|yxn^jr$ 
ms;li?*3i? ^^s^sbCi^% # ^i£>JyfaeK? vAxkh m^y be ^^K^5> 

pbty|>f*>jv)?ki^, ^olyethj^kf^i^. p^^^yvmyi ^;}j3vjrk|5?., |K>1y^;Jhy|- 

tide> p<>ly|fyebH*^> nihbbfa; j>»eb ^xb sysitopmise, jk^l^^-^^wfe- 
djsi'no Of l:.!te?t\ pejyU:Jro.:kH<Kx.'Jiiyk!i<r. v>:.jh-Mjiir.Axe iuxl 
|xdve8iylt^iiesulkx«<^ poly^jecti ef i;(>^xjK:aior^. Bj5i5d:apk*§-<>f 

The jx^lyoi;;;^: of ilxo pj^sie^J .mvwi.csit xb^ss ptj>y]tje 
*xtf:fiick-^ikedkiied ajseifixbickfe sto i^h^y kOI;> ij)-g^^55js?k» Mi 
conx^et wiib she st»1;jce. Mt>f0£?vkr t'fe polymerj^ ofkbe 

ijx^k(^#<i pejii)<:k <>f tujxe!> l^lyxtiisjst boixaci i<> the ?5i^r^bt4? 
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iadv5^;tjx-Siv A gX'f^wing c<>isccri^ with j>re^;emii^ 

)yl mfi^i::um from. Imd-hmp^- p^m^tm k ix conikm- 
■bjg coisc^inj :jj^:timic?x>h!:iiii |>^!C^v;S:gB5g .a>ij1sjnaL ■i5>i?jx*i^'S: 

ai>t-3ij5iijtxi.t<h. ^'tir^icjjl :ki ipimMd d4?vk?e$>. :$«m»xj$:, 

<«}d CiMittCt itni-ivS^ t?;;!:?:]:^ b<X:0il5x: CC'JJfetiiSifiiSJvtd 

vd3?;?;fefe. Bi:;xb pe::>^ ::it>ii itg>:uj;:.otJ?ic: ;??;a-jmul>; ars^ 
i^iKlliarte a ymicXy ofmfemom p^4m%eA- <ii:pti^^-m-thS(X ■■ 

l.^aigjmik. Mv^m^^^^^^ be vht^mi^^i^ily b^>lk^c^i^ io 

SeJ3-.:\i^S<«i5:Mifd Mi>iiiSbj-^^J'$ (SAMS;) .mv COViiteJiV J^tk- 

<$ri^kt)ii=: *5>t^<3?^ 'usmg i?jtbiJr ii^ky^3jk<?c;iiw tfet^i!<?>gv>td 
Ckft- K^vk^v^' M. Mrk$\ch^- ^U- ■M'':ff 1:^0 Sr:L. 
Mn 'U:65^--m; M:. Mfekk. ajHi (k M. Wlk^^^^>sto i??;? 

goM .liiik*=»^t^si. -cm. b*? Jiiin^mi im tM surlkcc ak g^>ld by 

c>5n :bi^ dep<?;^it<sl ijK>!sr s<iik<l >>j^rjkc?$. provldb),^ gmi! 
v«m\l[iiiy; Alky.feiteaile. .iiu>ije>kj>^m cm ''}^<!- jmpm'<i4. fey- 
•f^5^m|^ ' imJk?m'isxl«m^ <>f : trkklv>?:^?^jliti:m?i -mill li ^lUmxi- ' 
dlmlM m^fsm mmMiig m a mi>v5A;5ky;i?f af Ci-0:s?iUkkifd 
sik>Si;r:i:ii:^ <ja: ilk: x.;ij-.k:<^e. Siili>s&a4^ iiH>ii<:>ks:y*^J's ixMy 
imti)<s(i i^rx my ^€dm mmAmn:^ ^x^iam ailim^l ^9^^P^ 

hsivj; b&ei-s inscribed. For eKofnpk^s, jslkijfK'^d'siot;'. tjf 

:Ci M: W5^s^<?$idi^^^ Am. fdn^ M^^^. J^k^^ Sf:rii<:L}^M 
25^S>-Jd). d^<f^cm/\em 4m^cd. Mmmy ijcids, 

X^Xtki) v!>:>i) b;:Vf5 di^j-.i-TibCvt V ^ ^.V si] b^i" apt «CAd:.nii t^; 

ikmL dm^.0iy <>r^^^i^^^ 0mmi^k^!t^ (I* 



Miuv t-[ al A-jV/A-;>i< /•>.':;r?>v>.>/. i997 (k (i. 

K:<:^cb:-'r^doj;Tk\;- m ill. Bkyrkct^iixsry 1 99^ 3b: Vh>i;>5--- k'V}. Ihc 
^ik>i iirimp^c^vm uy tether thi^ a::.i■>:t^old^^ to g't;>5d iii^rsbces;., 

px<:r!<:<c;k lo<?^-:>rd^^ i.oXvcm, ftc^mixiix^ a t^dmpM\c mixhCi:-. 
AxiiiiMxiiimX ic iii\<>K<im iiiid^ jlwiixs'lic^ ^<ur Hice^ Mim 
h<^x\ dv.^?a !b<:d- (S, P. Massus i . Si^i;k ./. Bioytn^d Mc?l 

.fbW. n^v.J iU:u^b^) •ki^X^: S. P.. Maricd-j ajhi A. Habbidl 



.Rfc\«ij5. fjo-«iKl i:al?onncdiak:s: pan. minify he mMdhd t<i 

metbdxy isOyIp A wis ^ c^f tJs>? aimtjo gr(j>i|>s 

>.v":ib a 'biomo'iii;i^\yt hr^yxukk inkt'f hcicrfbbiks;5ick'--niid 
cmiiini Lkker -gn«5pi.'' c^ipa'blfi! <--rjsfe-- rei^<?rbxg: wiik s thk>l 

qiJi^jxi j'tci^ckc^:5 wkft ptiftkdi^ t-bk>l:f: Afii?ri):;iVivdy. ikivk-t'^^at::- 
kv<;^ maidmkli^s, vkiy kHuli\>^^^^s (Mklu^cl i^cc^^ p^^:^]i•^>) :L^iay 

^ig^e.aii'^. Alter; J;?tk'kiy> $ut'.idce avi^jiao gjx>}sp:§ jjxay be 
Cf)avi?ni?d b> c:srbo^iybte^ by -li^^Mmetii vt-bk iin.^iikrykt-y&,. 
iiiid ihcxi coii verted te kd^x:*ttif?i aiidof ytai^kifd 

.j-trgiO^ctekvity -wkk Mi N"iy'mik>ai k.'y$ re^jldiJ^^: By mmr- 
pcti^dm qmxmilm^- o:rkxaci}Vii ''kitek" nxolmtft^ <.kg,.. <>«^ 
imimpX<: which- >Kr3 kfjkiiag bs :i momtf^ituMm-^^t dib^k 
ti:i:aikta5:t;d ski^l d)ikii p^dyethylc^av^ glycol i:^v>Jymei- -wsik jite^ 

tki? "id] er' teOyJ3^tJi5<sm 

Hilppim. 

A« ertk^odirn^^fk i:;rtbi^ y^^a$<y^ ib pn:>cte::^$ k^r 

pr<^vb5vb>g: at^kmkr^ ^>jxdke^r by iJ^tacbiag ;j oJb;-imk' 
cjtib^al kic/iaily aj^ipbiplklic ]>s:i|yaicr $ll^k:i^:^:^ c^^vaiprj^bm 

iind fi^avkjTig 'A Bckillv ■im%phipUfx&- poXymw Tmke4 to. it 

.A;ju:nkCf emkodimji^Jit <>f ike;pjt:>vejT! i}iVv^aik>Ji li^ « pWve^Sis 
k>r ab-tekksg a .ibc^dh'^^itjij^ljsijsi-jjlic |>olyim':r- j>3 a ^itckic^ 
^vhcrikii dvic .solki $vtrk3-c*^ k iicebxi \^-\ib a k-(cdalk>axysj]yl): 

■ .a^i?Vsitijiiicorbi?x>-lk ^jckb 

pn)mm fs^MtmMxi^ ;a-%cMy ampksixlvlhc polyene? to st 

alfei5*<y:ij5yl)alkys .htfi>j!6ii5iQS^$%i«c^^^^ mi. fekOy 
amj>ikpkiljc: polkm)&r ^x?^^^*5.m& tbbi 

i<yx iimcimm it 5i^cMiy imj^hii^Mlik ;{Jt?|yii>{2f to a ^immc 
mMhcic m>hy<^rmi\i cf dm pmii^m Xinmum. h-^.. 
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^.tr>io it^v\t\ Jni^M;.^. poKouf^ ^^^^ V 

nro r<^^^ 5^xu'iU.-nuro u^^^5\u-|^^^ {\\^^ 

jho usV^jai, sr^vt^^.wf' Jn^^r^^v, unns'^ k5«jnn^^ ^^r>^ i'h .--i-i 

..f ^JM.< I kv-fC . O \ .J{Vi> of ^liO k. >k ;u 

.i>CK.^ v\k:v:.'N r L'k5^ , >^\.\- 

P^-k^\ k'*\:->-^" "^^J^ } !\ vv'mu^>i 

Of- 3r^7\^.^ui-j f^n^kat k\^^ ^tJkvJ^ i^-^r^n sku^ 

HoJJtK K t^t'^s ^ 5U s«>^v s-iu f a^: J {f\ O VU^. ku >. . Ot^^si ^iU<Si - 

jkco Akcrtu^ut'H 5>k xo <^^ ck<:nK.t] -vJ^^Ui f> ^^S Jhe 

Ih" jn^^v- e^'ijsa^v\> Kvkax| jo '-n^ surik.i ^^S' >u 
t;. {il:J-rm CU^k^'^v, ?k Jk<:Ktr 5vX\ CiJ II n$t^ Xi'' ^ \\ 

aijvisjjii^j^jfebl p:til>^;ii>or vv^^ csixt r^^i^o: with ilio ^|5o;m1«?,. 

m ^'fi:)tmM<M^<k^ ml^^i^' ptdm |ff<5t<.il;k?8. tern 

:Kiafi^?-15?l^ r/I K4^^ l^^vmn- 7kmm: 1999 

■Any- ihai h mp<m4 to m m^<:ptM^M ImteiM m 
kAistfics; A jrmvijjg coi5c<5'ii with ]>rt?rM^rs^a55vi^^ 



vk s KV :f.'^ i ^ ik. i v^i-Ui'Uv mj>3 k Vi 'V.jni^ t^<; 

.}k\ . <^ >K w tn< ro v\.Uvf'ru>JV jairk^X:iv>!>N, 

k? >x^s..M'i3^ •>j-^.p?tkk cK^v iW<<M..irukf>un^ 

> kJi^^^ J > >^ni.' ^? k } V kv\.^« no It ni. 

^ \.::nxkk Hr>'ij pi^3 ^ viiJ'i v^rv.v uti^ii.th ^uc 'x:\-s<Ji> 
o m c j^:'j;o ^k,so tsc 3n i\ vk. Of t^ri - 

v^'-^f OMti^^Ji OOJ>ipU-in^ ^ L^CtOvIk .if.jpJ 'p.t«kv p^^k^v!iC^ (iijd 

Co. 'a.-^, \oviiK'r v.^^'.rNk ).oikk. gOv^ut. 3ilh<;i.uo'j^ ix.'KsiX-s, 

ki^ns, Ck^sUJOS^s. ^Ojp dOK'f^K'Ui 

5: ^nk^Niuncisf :k^ f-o<:oa. snst^^vou^JX acs 
<-^R^^'50r o:^ihv;iUKfi' ^k^. J csv jfi 

f3.f<>!V .'0\ j.i.^ k ^ ^kt fU^-|<>?v!! -tUiJ kih"w U>f\ Uu: lUtJ^tJ^o- 

Jmr<^siJ-^^5^kc >>Knui ^kofou- oi >kof-?K> 

\ kJJ^Lvr ouikoJ^atTt Ol ^:iO v^^'^oit3 :r.^<>i5K-r }. -xu 

h^pfO^^O'^. V^.^^;.^^ OfS>i fi>n>VN v'fi io^V^lC-i h^Y hot-^ikd X:j>0 ?kO 

uj^po^MWisJ oou^xt'^us^^? tko 5a<oJ^Mn-o3utv( or 

EXAMPLE I 

2,:k-dinkfo4-!"hKty]:vpk^if5^ iW mmiyl: 10) -jM io^y.t. 

cMc^rklo (J^O mmol) oi^'^rro ;tk$.->otv'<?d (l-l^C^'U. 

soliJtiojxkUsy: .rttjxBJX^ wii$ ^^ikfo<l ijr fo<nn iomfiti^j-iu^:!.!:^ ;k5r 2 
kojirft. Tktr: xvax^ VL:xis;l>i-:d. vvikk ^^^"^^ oiktc >;;:vkJs 

Tko ^olvt^i:^: was ro:«jOvt^^^ mxkr t"i;di^ce<l |^ro$^>nct?, <j:5d 
pixjiivict wi^^ ol^mki^xl tt^i bn^iklv Iji qu?:miikkh'e: 
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After ;-xkLUI'>A W n\\ hejcirjxo $hc pr^-duci crv:^j,'U0>x\1 i^:- ^ 
bd^itsi vd.k>vv wli^i in. :?4v.<, vk-^UL \i] K'Mk ;5C?1? 

3;o siijis sh^; soiid d^si!i<sh<'<^ti comi>k?t^^^^^ Jsiistiatms 

gj-sKiksjii i>r<::a3<::l>r'Mfc'<)H rrojxs }<X):i ti? 95:5 to pMxVte 13 
in yk-kK NMK (5{K} M}}?., CDr Ur- '121 2tU. 

Dmmm- 13 0).1 ajittol)- w^^si ilUj^dviji^ iij. 3 mi l)Mh, 
}m^hiik>yl ilkMimih-- .(0,1 .tr«.?:t]xyi'jm-b5.<? ^CO;;^'. 

mid (TV A. 3 inlV %r I hms:, Tlicj :<k|Jmi^^tcs:| pi^iim -wm 

HXAMH.I^ 2 
JsiJikI 1%i$<; <>r<)Ai^^^ %lh im<{ M^- 

0m- m 

fKsr W xnm. Jh^x^B^simtr ws^y shev: up ::;il[i?m?if?-^^iy 

tx}i.5ivcjk^n;^- i;-^i>vsi <5f 3 ^^l></a^'>^^[ni:/^■4^:-^^v^^kkX,3.^^<:^ 
•d|Pi>%^b««5$i-)tfkwb-:|^^^^ (lIOBr^ ■■■imi 20 c<0l:y«.tes.:<>f 
d^jsvcfi^ fetiith^ j>Kiiifii>y ^^^^IiJs^^x^ wx^J (^^5^^ 

MAmra:)F MS; mbi 7S6s &mrx xicr im^^xu^ 

■K:iqmmyh^ ijmmify^ af ih*^ wh\dh h iria-My 

pmpiM'i^x by MiimiJg 3he dk'.afb<<>;>'lic vvi^h escex^ xbk>- 
nyl clikiddsa fe'S-k prntity M^inm to. ti&dmmm mlmmh 



i;k>iii ^.tiidvxr rto<:ii)v<: pri^^sxirc- Ihu '>MSO ^u>U5U!;>:S li; 
■ h^ro:u><i. dciirc'C- oi poly \:ii<cnyi^'iv:}n b voa?r(-ricd by ilR- 

d>.^icr:rar!C<5 J>> 5- lory c^<^!jiU5>:^n <-Ki«ifj- fy.vV^^ 
<*\>^^^^fJv?•;:^^^^^^>^^, kihxt Wiby >^ S<>aii> Third B4iJi<>JS. (J 9*? J) 

■.V: ^.7^^-Js2}. 

BXAklPi.-B. 4 

A drkxl i$ ch;ii-};^i^d ^ v^-^aa' i7Uv^^i ^"^i ^hc 

rakrcd M room JOuipoos-uiV ^.-^o^ -va^.n ^sudt." fo'^s^jx^- "^-i 
ruv:'.i.t:rc. i ho io;vdi-..n j.^ m«uvd irU^ jnJ ^hv 

:.;!■ solid jx4)fiRT is rcC'o\c:'>:^-^ t-s^ hnr<3:ioB Ujo dcji^w v4 
polyiJ50fj.mtioa icJ fi>nJn>lkx1 h> ttjcoddjsn^i? . >^v!.x^i. ^i^^>L^^ 
.avtioxiim <:<f njotiolbncM^^^^ u:niiic lln^ ujok:r .}momii of 

m- 'Jli^ ijshjbii}t>.« $ttdM$f Will 'h^, oim^. om m .$ii$p^O.Hk>« 

Th0 ioxkiiy id i'km p<>\frxitin to jxi<imiij^di<:ij5. oeibv. 'sjvM 
mi^- >?f :j^ij:du.5:m .c'iimmx obj;atnijd .(mm lii^Miy vifkmi<i<?]i^^ 
pH 7y% cmtstmm^. 1 aiM Mg^^' md I tiiM '(i^;^*' or m.hoiiX^ 

red wl] :y <i^ win :i v;:iKj5il%?d by r>-iC'aNtinii3i. Hit: 5inx.yti? K>f 

tl^i?n fees iitjsdk^ii jjci lumi-$jgg?*?gt<oie;ter ((rtijx^nss^ujgjf: 
«u>difea j^j^^ jjjscl J5ii)^b<ute <jx«b^ of iJjs?: iismst^ii^x 

t!5e mvi^J5tiv?». I)eij]!ilr^ of t^i*^ >kxjcR:fc fnay ho vj^c50<^ ^^vtJ^-- 
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K i§ NM;% p> Be ;y iS C-^X C'— <>»«^S— 0> or 

om idAmX B k ^uh^ilm^dmih ^ piy^M and 
jif i3SSiS|>o^br p^^^^j? ^^^^4 tf«*? oth<^r ^jf >i B 
s^ifeiitiJi^xl w Jth ix^^ito polijr iiisj^^ ii4)xtpd?ir otjp; or 
Cin) <<fte af'A. m li'h si}WtiJ«rtt^1:>Vitli'.« p!ij];3jf (i^ gff?mj: 

fcoi?>;<£f of A eE;(Ki B i« ( - tiE> C:,§. cycbalkyi m (fM^)^. 

mlisjr A. or B in op^mn^^y ^ihisXim^l wMi 0m m 

B;h c;yckj«fcl :0r <0i>:y i^-. t to 

or more ptShir ( P^ 

fxym Oi& gwtm com^sUJi^ of ^slkyl> ^-'> Q 

iMmy)C(^^}(i.'}i^^ , 't:^;"^^^ >5^i^^"^^> ;bo3>:^ylo5cy, 

eyMOs C:, ii\MfX}%. C.<. -Cft -^3 to??v*jtttboj5yi ml. beti- 
:<yk>xycj?.fboiiy.l; or, 1$ H mK{ h ^ -.r"! !;.),, W 

-y4:" sad b (h') iitiil RJ" . 

I : - i-vhordn R ' h $dtxnod •:>^x^^ iiio 

a^x^ i noji's^ ?cyt;l}c Of pobcyi; |>iis?J5y i (:]!j>ijv>;ai:t !]:y siih- 
^■Lxti.j^:ed mth. v>vto or 03>:>o? <^V-f?',. .:s,lkyU <^ 

P i$ -J pokir.- gjs>u|>: i^oleck'id tbo gn<^^;p oojsr^sssiiig of 
!ili^.;lm^roxyot|i^;^xy.j^^ ;ai!e^iS4>5^yc;^i50Ky;fii:C^^^ 
piyxyw^y^h^l'mii. 

NH , aj]^ KO -- ) mjiji^^^^^^ gJ^'JJp's wMi m-o 



-too 



LnouJ .r -oou>.r > 

b w si V J Ol V s 

jxi !i$ >J io m. Ui^t iihimv S^h 



Om:J}0, 

0^oi\. j.tth^oUttM 
Oi JOs> >Uk^ Uov.i^^ S.^vxc^ 



ojso of or ;^ R' ' .i f-^lui { p} goau^ .-iki ^hooJhoc 

[<' L'.r R ' ' ;utJ i<' ' ■■: L}^>nY>:5L^f [NT'^ ^^r-Htr., 
^' Is ; r>>Ltf gti'-up ^okx h>i ^v^>l;} [ix^ Jr'"'>'^tr ^^^^^L^<i r-l 
Hit: hyikv:iyii\ho:<y':ii^^ihyh ^K-iihi^xycik-.^vtno^ s ^iad 

hydrc^syl, Cj - C'^^ j^JkybiH^isst?^. ivoC<i dtiitobmijio, 

dk^i^ykjjiliio ^mi kjxv<5r 5i%kmjiio 'C^iksfiii^Iy mh- 
^ihiiiiSii wiJh 000 or mof-e ^Bmi^o^f^lo^w 

■mi]s\<f Of oydK^Kyi groo|j> 
p o; tiivJcp^/iidetfHy 0 iKs . 
in i:f L< to iij k'<si.>: iSiVdi .30. 

3. rho VMxJymcr oiigomtt of cbkij 2. ^vhcre^u v^fid 
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b t< ^^ W < X \k iK p2 > J 



\ V \U s w \ f t f 

' J V ^ i ^ ^ l^^ >0 ^ f^t M 1 f \ ^ s 
^. Mil i 1: f O ' < ^k<. n I \ f 

V kv^huj-" < ^i>^v*- ^,^1 n J tp ^ ^ 

>M ^^J I V h ^ > \ nil } v^ kv « M 
or u.<wttr ■di.^AtkvkuTiriffc-;; 

p^U k i K'i \U J s t M< K J 3 \ s 

^itihjii?*?. With i)j.ite or mofi? ^Jm^no. Unvox slkvt^JmiJK) 
m kmiir miill^ mm. 

X its N'H.s»td-y k: or (B: 

b.rajx<^ii«^«l »:%vk Q^^-C^ cycilojs.Jkyk ph^^riVi ^^p^i:>;>aL^/ 
■■^i^^ i\ik>:5x;V grotiix'^, :^ad }x:f>i^rc"i>?>i of>^u^fn^M y 



> < < i l'^ i< 



i 3 > I jot * otntio lo^^c^ xK\k n r 

n )0 Of ^ ^<^fO^^' -v> f 

t } J- r ^ 

\r tj>HiE^^ ^Ji >J.^OU| ji<.k,VJ ^*v^uK kvw^ R 

I ^ " ^ tx* w^xv' > \V soU^ro4 '>«m 
^loi < ^ V J - ^ u< < i h <Ik V ^ 1 c n^ I < >^ J^ o ^ J 
^xp a ^o ^ ^« U\ V i ^1 

k< 5 ^ n ^ 5>. p v.K^ u 1 < r l^ v^.^ 

-^i*^ ^fOi^ 1 <■• O.i \i O -J.^^N^ \h K<^^ip^ tt : 

* vP' ^ ^^.:p u ^ t ^-poi>; O J H'jh \ 5 ^^ 

t4<^''shJrUd .Vp;^-Ut>^il WiSh JiiC >^t.kc^ o' o ^^Mi- 

I' br' i^hcfous !v sv!J.'>-Hvi ?u>f'j 'ht/ ^^^\fp 

jv .,<^VsvS -.vx" haui ^ n4>LP\k vjxx^sX k ' vV.iJ 

^Cv { p uc 4>.*im;:xi bt,kw^ 

Jls!.* p^^hratT or oUjJoSJJOf oi' cktsm 1^. svhoivb i<;tid 



xmijn,m bi 
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NsX"-Ku\l x<^"-?vo:\J i.-^\n3?\u : if^nty] <md 



Ki* ; - o n^^l:^^'^'^ jUOtJJ^ UJ'VJX jKlnsjK n< ^VU\: jh^^ 




f>\ \ I i t ^ ^ t K\ K f K V »i 

X \< ^\ >\ > \ K i \ < N }f ^ S I 

\ IN \ > ?: I J s s J I 

t ^ i K %Hk ^ ^ Hi ^ \ t j>i ^ 

U i ^ J V / 1 it K p^f 'r< 

f I s. }X >1 3 ^ ^ ^ •• ^ 



<S'bo;fs?5Xk 

:g■mv:|^ a^i^siir^ting rfj<^t^byl ^^thyi rt-p;fopyk t?<>- 
p^<>j>yk n-b"ajj::k i^jOr^hatyJ^. >soc-b«iyL -.t^-kiiyl; 
:5^; !S^-p^a^y 1 j^i) -iJ^iJXiyL ii jj4 Sis;c^j>^itJ;vl>; ;i^ci II iitijiS jis*? 

l^.k-u .polw gxiJVtp V v<'i>wi«-'V k> ^^ik^cttxl 

p Mq>e«iJi?mJy ;0 m f^. si£i<l 



\ 



mid 1^-" snx^ jadtjpiXKliJJXisy notipoliJr fNF) gxoxtpj^ 

toi iJtoijxs, or 5ijxd 6"'* ji^dsjp^.riikj.xtjy iHxsp*>k4r 
(MO gm?p?? a«d tmcl E'^"^ siti? jmk?pi^i5^^^^^^ 



us ?,l 
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$9 



3f^o4ni$yl 5iec-?>vt3)d, H^irtoyl^ rt-ji^n%1j i$«^p«iEirxl. .^84 . 
:dhj)liykm3i«ex g35aa-idU^i^, j>yridh3ii, pj}>iif:s2iai?. 



i n^.iPAf r-Vih :os>>ux b^^tv^^vAi! ^ 



t ' ^ X- V ^ I <5ky I y ( -v ■ ■ c y> 



Of L 



^ O.J 

■...:C-.--<eJ.:;;^.--v: mJs^ 
HH , umi .C(*~'^"0""). gj-tmps With;: two' 



40 



\ ^ ^' ' < ' ' ' ' ' * t ^ ^ ' > ^^"'^ J^"' 

Mn^hJ U J- ' { < ,^;k ^NvxKX 

vs ^ ^ ss. )<■> < ^ N kv ^l 3 IX \ s\ ik\ 

XV o n«hx U'vvct si }O^M^^ ^iuj^kj- 

, Xs^Ju Ji.n s ,^ ?XJXv;wiUK«i 

M O ^X i \dt pO >nsXi3Kti*k 

r.t ks ^ k-- st i^x XJi* 
i? ' >^ \Uvi^ ^x ^<U^V'Xi..*r »>t c-LjUt:^ ^^htxxxn^ 

X ^ H a<l X ( ^ ^ 

' XX ^ Xs f V i ^ X''} < ^ < i i ^ 

4 r^sU i-* si Ux x^ h^i iii J } V if ^ r \ '\ 
ri> . n ^ 3 Ss< « i ros sii nv: ^ > s s^ n x^ \ 

< \ ^ 1.H 5 J ^ S-^\ I ^^ I < 1>M <t>k^: 

^^ > Mux^it ir \'}^>>txj X ^sHl't ;x\s{iX'^) 

f>\x' l-XX< v^f I i^i >\x Kxi V 

N^^JN 5 kX ^IX ^^--J^ ^xJs: ^XMs Ts \ sOk^ ^ T \ s ' 

r ( 5 h'^ XV KX > IS s. NXX i ^K- 

^Sv sS S ^X 'nX^I {0:X J\ S. Xi3^ st . ^. ^ . 

N J s J i V J ^ ' ^S ^K^i i vXl ^ 

=: }^ S.S O J ^ If ^ p X' > \ C I ISv^-^ ^ 

Ss ^Xs J X TX X Xv^ SX JO X XsH^ X \ 

N^^k< J \ iVi i\ \K -J X ^ ^X■' 

. ^ ^ 5 ^ J3>^svf'. < k\ jx i k «Xs 

\ ^ . > \ ^ ( \ jx.^cj Ja^'*? rxj 

^ s >>-.:JikVJ p: pexfZAix;; 

m k 2 m ^ikkasratot 500. 
opdo^aJly siMJSijtifkxl i$<5"0jjk-dic am^. 



mi 



« r i 



L 



V i5iXi?J5;iij*x Ivf^isr ^sil;yl^sxiii?5<>. lowtir 4i^i|kyj;i«!kc«, i5? 
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i 
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Print Window 

PoiyNedix Expands Research Science Advisory Board 

S^adf^oB-f PA (November 23, 2010) - PolyMedix, Irsc, (OTC BB: PYMX), an efnerging biotechnoEogy company focused on 
deve'oping new therapeutic drugs to treat Hfe-threatening iDfectious diseases and scute cardiovascular disorders, has expanded 
its; advisory reiationj^hips through the deveiopment of its Scientific Advisor/ Bo3rd (SAB) focused on PoiyMedix's basic scientific 
research. The SAB is comprisjed of vvorsd-renow?! scfertttsts who wiii actlveiy coElaborate witi^ Po-yMedix to advance its preclintcai 
portfolio of therapeutic dnjg candidates and PolyCide-'^ for blornateriats appllcattpns. 

''We are honored to have the opponunity to work with such distinguished and accomplished sdentific leaders/ commented Dr. 
Richard Scott, Vice President of Research 3t PolyMedix. "Our advisors and scientific founders have b-^en insitr-j menial in guiding 
our research siratetjtes and helping us develop our novel drug discovery^ programs. We iooi< forward to the-r wisdom as we 
continue to discover Innovative therapeutic drugs for important Sjfe-threatenjng infectious diseases and other disorders, 
particularly as we strive to develop next generations of our defensln-mlmetic antibiotfcs for applicatioas such ss Gram-negative 
food- borne and ftjngai Irtfections.'' 

Members of the Scientific Advisory Board include; 

WSIlHam F, DeGrado, Ph.D.- Professor in the Department of Biochemtstry Biophysics in the School of Medidne, and an 
adjunct member of the Chemistry Department, at the UnlveT*SEty of PennsytvanJa. Dr. DeGrado is one of the founders of 

PoiyMedix's computationai drug design technology that uses protein tiargets with welhuj^iderstood physics! structures and 
biologicas activity to design smalE moiecuJe compounds that mimic or regulate the activity of these targets. He is a member of 
the NatEonal Academy of Science, and the American Academy of Arts and Sciences. Dr, DeGrado's research interests include: de 
novo proteiri and peptide design; peptide mimetics; structure, stability, and functiors of membrane proteins, including integnrts 
and viral !on channels; design of blomimetic polymers; bioinorganic chemistry; and computational approaches to small molecule 
and protein design. He has over 2S0 publications and a multitude of patents. Dr. DeGrado received his Ph.D. in organic 
chemistry from the University of Chicago. 

Gregory B^* Tew^ Ph.D.: Professor, Polymer Sciences and Engineering, at the University of Massachusetts. Dr. Tew is one of 
the original scientifjc founders of PolyMedsx's technology. His research focuses on a number of topics including the design of 

sin*sp!e, smaiE synthetic oligomers that capture the bioiogical activity of proteins, such as host defense peptides. He has 
successful Ey designed a number of molecular scaffolds that shov^ potent broad spectrum antimicrobial activity and at the same 
time have minimal toxicity against mamrnaiian ceiis. Or, Tew is a founding member of the American Chemlca! Sodety Polymer 
Division^ and a FeSlow and member of the Defense Science Study Group. He has over iOO peer-rev-ewed pubiicatfons and has 
received several prestigious scientific awards including the PFCASE:, which is one of the highest honors given by the U.S. federal 
government for young scientists. Dr. Tew received his Ph.D. in nriaterials science from the University of Illinois, 

G\U Dsamof^d, P&^.D,: Associate Professor in the Department of Oral Biology at the University of Medicine and Dentistry of New 
Jersey, Dr. Diamond's expertise focuses on the role of anti?rj!croblat peptides in host defense of the lung and the oral cavity, 
focusing on the aaivity of beta-defensins and cathelicidins in defense against bacterial infections. He has also been examining 
the potential applications of antimicrobsaS peptide mimetics for infections in the oral cavity. Dr, Diamond received his Ph.D. in 

genetics from the Hebrew University in Jerusalem. 

Hanry S, Hess^e^ Ph.D.; Ser^sor Scientist at Ordvvay Research Institute in r*iew Yorl<. Dr. Heine ss currerstiy a member of the 
American Society of ^licrobsoiogy and voting member of the CLSI Subcornm ittee on Veterinary Antimicrobial Susceptibifity 
Testing. He is a former member of the White House 'X3isk force for WMD Medical Countermeasures (BARDA-Bio WG) and FDA- 
CDER Anti-Infective Drugs Advisory Committee, His research focuses on the development and testing of both in vitro and In vivo 
animal model systems for evaluation of therapeutics against many of the CDC select agent class A and B bacterial pathogens, in 
addition. Dr. Heine has designed and evaluated non-human primate trials and provided advice and support for meeting the 
FDA's "a ni ma; rule" as the regulatory path to indication approval Dr. Heine received his Ph.D. in microbiology from the Uniform 
Services University Health Sciences In Maryland. 

WiJSsam J- WessSy Director of Pre-Ciinlcai Services at the University of Noith Texas Health Science Center. Mr, Weiss' 

expertise encompasses the development and evaluation of animal models of infectious disease, pharmacokinetic and 
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pharmacodynamic analysis,, evaluation of antibacterial agents, and the discovery and development of new antijinicrGblal, 
antiviral and antifungal agents. He has over 30 years of industry expeersence which includes Director of Drug Evaijjation at 
Cumbre Pharmaceuticals Inc., and Groiip Leader in Infectious Disease Discover/ Research at VVyeth Research, Lederle 
Laboratories and Schering-Piough. He has worked on numerous antibacterial programs including the development of the 
marketed products, Suprax, Zosyn and TygaclL Mr. Weiss received his M.S. in mscrobioiogy from Fairieigii Dickinson University 
in New Jersey. 



About Poly^^ediXf Xric. 

PoiyMedix Is a publiciy traded biotechnoiogy company focused on the development of novel drugs for the treatment of serious 
infectious diseases and acute cardiovascuksr disorders, PolyMedix uses a rational drug design approach to create non-peptide 
small molecuie drug candidates, PMX-3G053, PoSyMedix's lead antibiotic con-jpoimd that is currently In Phase 2 cJinicas trials, is a 
small moleciile that mimics human host-defense proteins and has a mechanism of action distinct from those of current antibiotic 
drugs, a mechanism which is intended to make bacterial resistance unlikely to develop. PolyMedix plans to develop this 
compound for serious systemic Staphyiococcai Infections, Including methiciHirt resistant Staphylococcus aureus (MRSA), PMX- 
60056, PolyMedix's lead heptagons st compound, has compieted four clinical trials and Is being further deveioped to reverse the 
anticoagulant activfty of both heparin and Sow molecular weight heparins, PolyMedix believes that PMX--60056 could potentialiy 
be a safer and easier to use anticoagulant reversing agent, with broader activity, than the currently approved therapy for 

revers-ng heparin. PolyMedix also plans to continue the development of its PolyCides®, polymeric formulations as antimicrobial 
biomateriass, which can be used as additives to paints, plastics, and textiles to create self-sterilizing products and surfaces. For 
more Information, please visit our website at wv/w. poiymedix.com. 



This press release contains forward-iooking statements made pursuant to the safe harbor provisions of the Private Securities Litigation Reform Act. of 1995* 
that involve risks,, uncertainties and assumptions that couid cause PolyMedix's actual resuits and experience to differ materially from anticipated results and 
expectstJons expressed in these forward iooking statements. PolyMedix has in some cases identified forward-looking statements by using words such as 
^'anticipates, " "believes, ''' ''hopes, " ''estimate^;, 'looi<s, " "'expects, " "plaris, " "intandSr '"goal, " "potential, " ''may, " "suggest, *' and similar expressions. Among 
other factors that could cause actual resuits to differ rrmtenalty from those expressed in forward-looking statements, PolyMedix's compounds may not 
successfully complete clinical testing, or be granted regulatory approval to be sold and marketed in the United States or elsewhere, A more complete 
description of tiiese risk factors is included in PolyMedix's filings with the Securities and exchange Commission. You shouid not place undue reliance on any 
forward-looking statements, PolyMedix undertakes no obligation to release publicly the resuits of any revisions to any such forward-looking statements that 
may he made to reflect event.^ or circumstances after the date of this press release 



For further mformation contact: 

Lisa Caperelli 

Director, Investor Relations & Corporate Communications 

484-598-2406 

icaperelll@polymedix.com 



For funher gnformatlon contact: 



Lisa Caperelil 

Director, Investor Relations & Corporate Communications 

484-598-2406 

icapereHi Cdi poly rned Ix. com 
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BSOGRAPHfCAL SKETCH 
Provide the toiiowing informatiors for the key personnei and other significant contributors in the order listed on Form Page • 
Fo!iow this forrn-st for each person. DO i*^OT EXCEED FOUR PAGES. 



NAME 




POSITION J\Tl/d 


WilNam F. DeGrado 




Professor 


eRA CGMMGN3 USi^R NASVlE 






DEGRADOW 







EDUCATiON/TRAlNiNG (Begin with bciccAihiureate or other ifkia! prGfessionQl eduosition, such a^i nursing, and include postdomranramlng.) 



INSTITUTION AND LOCAT iON 


W ?iimlioabieh 


YF.AR{s} 


1 riELD OF STUDY 


Kalamazoo College, Kalamazoo, Ml 




1976--77 


I Chemistry 


University of Chicago, Chicago, IL 


Ph.D. 


1977-81 


I Organic Chemistry 



My research focuses on small moiecuie and protein design as an approach to understanding macromoiecule 
structure and function. One prin-iary research interest is in the de novo desigrs, in which one designs proteins 
beginning from first principles. This approach criticaiiy tests our understanding of protein loSding and function, 
while abo laying the groundwork for the design of proteins and biomlmetic polymers with properties 
unprecedented in nature. The de novo design of proteins has proven to be a useful approach for 
understanding the features in a protein sequence that cause them to fold mto their ufiique three-dimensional 
structures. In addition, it has been possible to design functionally imeresting proteins, which bind redox-active 
cofactors, DNA, and transition metais. Finaily, this approach has been extended to the design of membrane- 
active proteins, including ion channels, antibiotics and fusogenic agents. I also study the structure and function 
of a number of pharmacofogically interesting systems„ My research group at the University of Pennsylvania is 
determining the structure of the M2 proton channel from influenza A virus, and its mode of inhibition by various 
channei-biocking drugs, in coiiaboraiion with Joei Bennett (Department of Medicine), we study the mechanism 
of signal transduction of integrins such as allfSbS, with a particuiar focus on the roSe played by the membrane- 
spanning regions of this protein. We have developed smali molecule mimics of integrins and the platelet 
coHagen receptor, gpVL Finaliy, our group developed a number of smaO moiecuie mimics of antimicrobial host 
defense proteins, which show considerable promise for treating antibiotic-resistant infections. 



B. PosBtiQiis and H ojiors 
Experlencec 



198M990 
1990-1992 
1992-1994 
1994-1996 
1996" 
2001-2004 
Visiting Positions 



Research Chemist. CR&D, DuPont Company, Wlimington. DE 
Research Leader, CR&D, DuPont Company, VViimington, DE 

Research Fellow, R&D, The DuPont Merck Pharmaceutical Company, Wilmington, DE 

Senior Director R&D, The DuPont Merck Pharmaceutical Company, Wilmington, DE 
Professor, Dept. of Biochemistry & Biophysics, University of Pennsyivania, Philadelphia, PA 
President, The Protein Society 



1987 Sioan Visiting Lecturer of Chemistry, Dept. of Chemistry, Harvard University 

1 987-1 989 Adjunct Professor. Department of Biophysics, Johns Hopkins Medica! School 

1991 Adjunct Professor, Departments of Biochemistry & Biophysics, University of Pennsyivania 

1994 VVeileome Visiting Professor, Louisiana State University 

Honors: 

1 988 du Vigneaud Award for Peptide Research 

1 989 Protein Society Young investigator Award 

1 990 A. Naff Lecture, University of Kentucky 

1991 Oncley Lecture, University of Michigan 

1992 Eli Lilly Award in Bioiogicai Chemistry 

1 993 DuPont Merck Summit Award 

1993 Denkewaiter Lecture, Loyola University 

1 994 Feltow, American Association for the Advancement of Science 
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Principai investigator/Prograsr! Director (Lj^sr, First, fyiiddie)' DeGradO. WiiyasTl F. 



1 998 Fellow. American Academy of Arts and Sciences 

1 999 Member, National Academy of Sciences (U S,A.) 
2D03 Merrifie!d Award, (presented by the Peptide Society) 

2008 Ralph F. Hirschmann Award in Peptide Chemistry (Presented by the American Chemicai 
Society) 

2009 Makineni Award (APS) 



1. Scott, R. W,, DeGrado, VV. F. & Tew, G, N. (2008), De novo designed syr^thetfc n?imics 

2. of antimicrobial peptides. Curr Opin Biotechno! 19, 620-7. 

3. Caputcs A,, LJtvinov, R. Li, W., Bennett, J. S,, DeGrado, W. & Yin, H. (2008). Computationaliy designed 
peptide intiibstors of protem-protein interactions in membranes. Biochemistry 47, 8600-6. 

4. Shu, J. Y., Tan, DeGrado, W, F. & Xu, T. {2008), New design of heiix bundie peptide-poiymer conjugates. 
Biomacrornolecules 9, 21 11-7. 

5. Moore, D. T., Berger, B. W. & DeGrado, W. F, (2008). Protein-protein interactions in the membrane: 
sequence, structural, and biologicaf motifs. Structure 16, 991-1001. 

6. Stouffer, A, L., Ma, C,, Crisdan, L., Ohigashi, Y., Lamb, R. A., Lean j. D., Pinto, L. H. & DeGrado, W, F, 
(2008). ThQ interplay of fimctional timing, dmg resistance, and thermodynamic stability in the evoiution of 
the M2. proton channel from the influenza A virus. Structure 16, 1067-76. 

7. Basani. R. B., Zhu, H., Thornton, M. A., Soto, C. S., Degrade, W. F.. Kowalska. A.. Bennett J, S. & 
F\->ncz, (2009). Specses differences in small molecule binding to aipha lib beta 3 are the result of 
sequence differences in 2 bops of the a^pha \\b beta propeHer. Blood 113, 902-10. 

8. Beii, C. B., Calhoun, J. R.. Bobyr. E,, We^, P. P„ Hedman, B., Hodgson, O , Degrade, F. & Sotomon, 
E. L (2009). Spectroscopic definition of the biferrous and biferric sites in de novo designed four-heiix 
bundle BFsc peptides; implications for 02 reactivity of .binuciear non-heme iron enzymes, BioohemislryAB, 
59-73. 

9. Bissonnette. L,, Donald, J, E,, DeGrado, F,, Jardetzky, T. S. & Lamb. R. A. (2009). Functbna! 
analysis of the transmembrane domain in paramyxovirus F protein-mediated membrane fusion. J Mol Bio! 

38S, 14-36. 

10. Choi. S.. Isaacs, A , Ciements. D., Liu, D., Kim, H., Scott, R. VV., VVinkier, J, D. & DeGrado, \N\ F, (2009). 
De novo design and in vivo activity of conformationatly restrained antimicrobial aryiamide foldamers. Proc 
Natl Acad Sd U S A 106. 6968-73. 

11. Khurana, E,, Dai Peraro, M , DeVane, R., Vemparala, S., DeGrado, W, F, & K!ein, L. (2009). Moiecuiar 
dynamics ca!cu!ations suggest a conduction mechanism for the M2 proton channel from influenza A virus- 
Proc Natl Acad Sci U S A 106. 1 069-74, 

12. Kuroda, K., Caputo, G. A. & DeGrado, W. F. (2009). The roie of hydrophobicity in the antimicroblai and 
hemolytic activities of poiymethacrylate derivatives. Chemishy iB, 1 123 33. 

13. Liu, F., Dumont, C, Zhu, Y., DeGrado, VU F., Gai, F. & Gruebele, M. (2009). A one-dimensional free 
energy surface does not account for two-probe folding kinetics of protein a!pha{3)D, J Chern Phys 13Q, 
061101 

14. i'v'liiier, Basra, S.. Kuip, D, W,, Bilhngs, P, C„, Choi, S., Beavers, M. P., McCarty, O. J., Zou, Z., Kahn, 
M, L,, Bennett, J, S. & DeGrado, W. F. (20Q9). SmaH-molecule inhibitors of integrin aipha2beta1 that 
prevent pathological thrombus formation via an ailosteric mechanism. Proc Natl Acad Sd U S >A 106, 719- 

24, 
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(2004). Highlighted on the Cover. 

5. D. A. HaiTington, H. Benna, G.N. Tew, R, C. Claussen, S. I. Stupp, "Supramolecular 
Fiuorophores for Biological Studies: Phenylene Vinylene - Amino Acid Amphiphiies," 
C/ie/?!. i3io., 12, 1085-1091,(2005). Highlighted on the Cover. 
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Patents: indicates licensed by a company) 

L Inventors: Russell^ Thomas P., Tew, Gregory N., AL-Badri, Z., Shunmugam, R. 
Title: Ferromagnetic Materials via Direct Assembly of Bioqk Copolvmers: Design and 
Uses Thereof 

U.S. Patent Number: UMA 08-07, USSN 60/695,803 



2. '^Inventors: DeGrado, William F,, Tew, Gregory N., Klein, Michael L.^ Liu, Dahui, 
Yuan, Jing 

Title: Facially Amphiphilic Polymers as Anti-Infective Agents 

U.S. Patent Number: UMA 06-28, 7,173,102 PCT/US02/22043 

3. '^Inventors: DeGrado, William F.^ Tew, Gregory, Arnt, Lachelie S, 

Title: Facially amphiphilic polymers and oligomers thereof, and use thereof in methods 
of treating cancer 

U.S. Patent Application: 20060241 052 PCT/Pending 

4. '^Inventors: Tew, Gregory, Bker, M. Firat, Coughlin, E. Bryan 

Title: Amphiphilic polynorbomene derivatives and methods of using the same 
U.S, Patent Application: 200601 15448 PCT./Pending 

5. '^Inventors: DeGrado, William F., Tew, Gregory N», Klein, Michael L,, Liu, Dahui, 
Yuan, J ing 
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Title: Facially amphiphiiic polyixiers and oligomers and uses thereof 

U.S, Patent Application: 20060041023 PCT/Pending 



6. Inventors: Tew, Gregory, Bhatia, Siirita 

Title: Poly(laetic acid) copolymer hydrogels and related methods of drug deliverj'' 
U.S. Patent Application: 20060018872 PCT/Pending 

7. ^Inventors: DeGrado, William F., Liu, Dahui, Tew, Gregory N,, Klein, Michael L. 
Title: Facially amphipbilie polyaryl and polyarylalkynyl polymers and oligomers and 

uses thereof 

U.S. Patent Application: 200601 1 5448 PCT/Pending 

8. ^Inventors: DeGrado, William F,, Tew, Gregory, Klein, Michael L. 

Title: Facially amphiphiiic polymers as anti-infective agents 

U.S. Patent Application: 20040202639 PCT/US02/06899 
Book Chapters: 

L S. L Stupp, M. IJ, Pralle, P. V. Braun, G. N. Tew. P. Osenar, Li: Controlling 

Morphology through Self Assembling Supramolecular Materials: A Synthetic 
Route to Quantum Dots, Proc. of the 4th Inter„ Symp. on Quantum Confinement: 
Nanoscale Materials, Devices, and Systems, Electrochem, Soc, M. Cahay, ed„ 1 1, 
3 (1997). 

2. Tew, S. L Stupp: Multifimctional Supramolecular Materials in Functional 
Polymers: Modem Synthetic Methods and Novel Structures, ACS Symp, Ser., A. O. 
Patii, D, N. Schulz, and B. Novak, Eds., 218 (1998). 

3. S. L Stiipp, G, N, Tew. C. M. Wliitaker: Programming Molecules to Fomi 
Supramolecular Materials in Hyper-Striictitred Moleciiles I: Chemistry, Physics and 
Applications, Gordon and Breach, IL Sasabe, ed. invited contribution, 9 (1999). 

4. 

At UMass-Amkerst 

5. * S. K. Agrawal, N. Sanabria-DeLong, K, Aamer, IL A, Sardina, S. R. Bhatia, G. N> 

Tew. Triblock PLLA-PEOPLLA Hydrogels: Structure and Mechanical Properties, 
in Polymeric Drug Delivery 11: Polymeric Matrices and Drug Particle Engineering, 
S. Svenson, Ed. ACS Sjrap. Ser., 102-119, (2006). 

6. * G. Tew. K, Aamer, R. Shimmugam, Novel Block Copolymers with Terpyridine 

Pendant Groups, m Metal-Containing and MetallO 'Siipramolecular and 
Materials, GR. Newkome, L Manners, U»S. Schubert, Eds. ACS Symp. Ser., 126- 
140, (2006). 

7. * K. Aamer, R, Shunmugam, N, Tew, Supramolecular Block Copolymers 

Containing Metal-Ligand Binding Sites: From Synthesis to Properties, in Block 
Copolymer in Nanoscience, M. Lazzari, S. Lecomnianddux, and G. Liu, Eds. 
Wiley-VCa 169-189, (2006). 

8. * M. M. Siutsky, R. A. Blatchly, G. N.. Tew, Foldamers: Nanoscale Shape Control at 

the Interface between Small Molecules and High Polymers, in Physical Properties 
of PaiyTners Handbook h E. Marks, Ed. Springer, 695-710, (2006). 



9. * M, Firat liker^ G.N /Tew, E. Bryan Coughiin, Amphiplulic Polymers with Potent 

Antibacterial Activity, in Polymers mid Materials for Anti-Ter^^ mid 
Homeland Defense, J> G. Reynolds and G. Lawson, Eds, ACS Symp, Ser., in press, 
(2006), 

10. * N. Sanabria-DeLong, K> A. Aamer, S, K. Agrawal, S. R. Bhatia, G,.N.JIew: PLA- 

PEO-PLA Tribiock Copoiyrners: Synthesis and Thennal Properties, in Degradabie 
Polymers and Materials - Principles and Practice, K, Khemani and Schoiz, Eds. 
ACS Symp. Ser,, in press^ (2QQ6). 

Published Meeting Abstracts: 

The Polj^er Chemistry arid Polymer Materials: Science and Engineering Divisions of 

the American Chemical Society publish two-page extended abstracts for aii invited, or 
contributed oral and poster presentations at the Spring and Fall National Meetings of the Society. 
These "pre-prints'' are not peer reviewed prior to publication; however they are intended to serve 
as a pre-publication notice of work that typically will appear in the literature in the next six to 
twelve months. The authors, titles, and keywords of these pre-prints are listed in most major 
scientific database archives; however po citation record is kept by IS! for meeting abstracts. The 
pre-prints are very important to the industrial meitibers of the Divisions. In addition, the pre- 
prints, which are required in order to present at the ACS meeting in these two Divisions, 
document participation. A listing of ''Non-Refereed Journals and Proceedings " is available al 
the end of this document. 

Media Coverage: 

1 . "Surfaces Designed to Kill Bacteria," by Stu Borman, Chemical & Engineering News, 
80, June 10, 2002. 

Describes our work on designing biomimetic antimicrobial polymers. 

2, "Leading the Life Sciences, Growing the Commonwealth/' Executive Breakfast hosted 
by University President William M, Bulger, Burlington, MA, October 30, 2002, 

Featured our work during the scientific presentation of highlights from the 
UMass- Amherst campus. 
3* "Chemistry Highlights 2002," by Stu Borman, Chemical and Engineering News, 80, 
December 16, 2002. 

This year-end recap highlighted our antimicrobial work. 

4. "Gregory Tew Awarded Five Year Grant" Rome Observer, June 3, 2004. 

Announces me as one of 57 recipients nationwide of a $500,000 Presidential 
Early Career Award for Scientists and Engineers. 

5. "Money Matters," Hampshire Gazette, June 23, 2003. 

Announces me as one of 26 professors honored as ONR Young investigators from 
220 applicants nationwide. 

6. "Researchers,'' MRS Bulletin, July 2004. 

Announces me as one of 57 recipients nationwide of a $500,000 Presidential 
Early Career Award for Scientists and Engineers. 

7. "Polymer Potential," UMass Amherst Magazine, Fall 2004- 

Mentions our receiving the $500,000 Presidential Early Career Award, 

8. "Shedding New Light on Polymer Lanthanide Complexes/' Materials Today, Nov 2004. 

Highlights the results fi^om our vMCS paper on lanthanide alloys. 
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: 9. "Research Highlights/' Nature, Feb 2006. 

Highlights tlie results from omJACS paper on antimicrobial peptides, 
10. "Why You Should Love Polvmers," UMass Amherst Magazine, Winter 2006 

Mentions our work on antibacterial polymers. 
1 L "Putting Some Backbone into Bacterial Kiiiers/' RSC ChemisUy World, Apr 2006. 
Highlights our work on antibacterial fbldamers. 

12. ''Researchers Design Antimicrobial, Technique to Watch It," Newswise, Apr 2006. 

Highlights the results from our Chem, & BioL paper on biomimetic facially 
amphiphilic aniibacterial oligomers, 

13. "Scientist' New Compound Defeats Drug-Resistant Bacteria/' In the Loop, Jan 2009. 

Highlights a new synthetic compound that kills drug-resistant bacteria. 

14. "UMass Scientist Taking Bacteria Down" The Massachusetts Daily Collegian, Jan 2009. 

List of Presentations 

-Presentation Statistics- 

1 . Invited Research Talks (since 2002) - 96 

2. Contributed Research Talks ~ 56 
Invited Lectures: (since 2002) 

2002 

"Antimicrobial Polymers/' Army Natick Research Laboratories, Natick, MA, Feb, 2002. 

"Polymers for Biology," Center for Tissue Engineering, University of Massachusetts- 
Medical School, Mar 2002 

"Designing Facially Amphiphilic Antimicrobials;' AIChE, Indianapolis, IN, Sept 2002 

"Simple Facially Amphiphilic Polymers as Peptide Mimics/' American Chemical Society, 
Boston, MA, Aug 2002 

"Simple Facially Amphiphilic PoljTOers as Peptide Mimics," Solatia, Inc. Pensacola, FL, 
Sep. 2002 

"Antimicrobial and Supramolecular Pol>TOers," Anny Research Laboratories, Aberdeen, 
MD, June 2002 

2003 

"Degradable Polymers and Antimicrobials," U of Minnesota, Minneapolis, MN, May 2003 

"Proteomics to Antimicrobiais," Bioengineering Research Paitnership-NIH, Bethesda, MD, 

June 2003 

"Designing Facially Amphiphilic Phenyiene Ethynylenes," American Chemical Society, 
New York, NY, Sep 2003 

"Biomimetic Polymers/' Pol>iiier for Advanced Technologies, Ft. Lauderdale, FL, Sep 
2003 

"Designing Antimicrobial Oligomers/' University of Tennessee-Knoxvilie, Knoxviile, TN, 
Nov 2003 

"Antimicrobial Oligomers," Army Research Laboratories, Aberdeen, MD, Nov 2003 
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"Novel Antimicrobial Agents/' Regional Technology Alliance, Holyoke, IvIA, Nov 2003 

''Antimicrobial Oligomers for Antifouiing Materials,'' Offiee of Naval Research Workshop, 
Orlando, FL, Dec 2003 

"Facially Amphiphilic Polymers as Antimicrdbiais," Materials Research Society, Boston, 
MA, Dec 2003 

2004 

"Block Copolymers Containing Metal Ligand Side Chains for Use in Supramoleeular 
Chemistry,'' American Chemical Society, Anaheim, CA, Mar 2004 

"Facially Amphiphilic Phenylene Ethynytenes with Potent Antimicrobial Activit>^," 

American Chemical Society, Anaheim, CA, Mar 2004 

"Bio-Inspired Materials," Becton-Dickinson, Franklin Lakes, NJ, May 2004 

"Antim icrobial Polymers for Antifouling Materials," Office of Naval Research Workshop, 
San Francisco, CA, Jun 2004 

"Chemically Rich Macromolecules," Laboratoire de Recherche Sur Les Polymdres, Paris, 
France, July 2004 

"Biomimetics to Supramoleeular Poljmers," Ecole Polytechnique Federale de Lausanne, 
Lausaime, Switzerland, July 2004 

"Antimicrobial Polymers and Oligomers," GKSS Forschungszentnmi, Geesthecht, 
Gennany, July 2004 

"Chemically Rich Macromolecules: Biomimetics to Supramoleeular Materials," Eindhoven 
University of Technology, Eindhoven, The Netherlands, July 2004 

"Proteomics to Antimierobials," NIH, Bethesda, MD. July 2004 

"Novel Antimicrobial Biomimetics/' American Chemical Society, Philadelphia, PA, Aug 
2004. Presentation as part of a Presidential Session 

"Chemically Rich Macromolecules: Biomimetics to Supramoleeular Materials," UMass- 
Lowell, Lowell, MA, Sep 2004 

"Biomimetic Polymers," American Chemical Society Biennial, Savarmah, GA, Oct 2004 

"Merging Chemistrv, Materials Science, and Biology to Create Nevi/ Biomedical 
Materials," BEACON, Harttbrd, CN, Oct 2004 

"Phenylene Ethjiiylene as a Versatile Biomimetic Backbone,'' Northeast Regional 
American Chemical Society Meeting, Rochester, NY, Nov 2004. 

"Designing Antimicrobial Polymers," University of Mississippi, University, MS Dec 2004 
2005 

"Antimicrobial Biomimetics," Offiee of Naval Research Workshop, Sedona, AZ, Jan 2005 
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"Antimkrobiai PolyTners and Surfaces/' PoiyMedix Board Meeting, Radnor, PA, Feb 2005 

"Chemically Rich Macromoiecules: Biomimetic z^Btimicrobials and Metal Functionaiized 
CopoljTxiers," Northwestern University, Evanston, IL, Mar 2005 

"Biomimetjcs Based on Phenyiene Ethynylene Stmctures," American Chemical Societ}^ 
San Diego, CA, Mar 2005 

'^ovel Hydrogels for Degradable Poiymers," American Chemical Society, San Diego, CA, 

Mar 2005" 

"Chemically Rich Macromoiecules/' North Dakota State University, Fargo, ND, Apr 2005 

"Macromoiecules for Supramolecular Polymer Science Containing Metal-Ligands in the 
Side Chains/* Northeast Regional American Chemical Society Meeting, Newark, NJ, May 

2005. 

''Antimicroblai Materials/' Army Research Labs, Aberdeen, MD, May 2005 

"'Bioinspiried Macromoiecules/' Materials at the Synthetic Bioiogicai Interface-MRSEC'^ 
Amherst, NL\, May 2005 

"Chemically Rich Macromoiecules/' Virginia Tech, Blacksburg, VA, June 2005 

"Non-Fouling Biomimetics/' Office of Naval Reseai-ch Workshop, Baltimore, NO, June 
2005 

'Thenylene Ethynylene Stnictui^es as Versatile Biomimetics/' LE.CB., Bordeaux, Fraiice, 

June 2005 

"Antimicrobial Polyniers and Films/' Gordon Research Conference, New London, NH, 
July 2005 

''Capturing the Activity of Natural Proteins in Simple Pol>^ers/' The Society of Polymer 
Science Japan, Fiikuoka, Japan, July 2005 

"Design Molecules with Increased Functionality/' Kjoishu University, Fukuoka, Japan, 

July 2005 

"Antimicrobial Oligomers and Polymers/' N J.H,, Ifclhesda, MD, Aug 2005 

"Antimicrobial and Metal -Ligand Polyniers/' University of Connecticut, Storrs, CT, Sept 
2005 

"Designing Macromoiecules with Increased Functionality/' Nortii Carolina State 
University, Raleigh, NC, Nov 2005 

''Designing Macromolecutes with Increased Functionality: Strong Sixnilarities to Biology/' 

Universit}' of Nosth Carolina, Chapel Hill, NC, Nov 2005 

''Designing Macromoiecules with Increased Functionality: Strong Similarities to Biology/' 
Massachusetts Institute of Technology, Cambridge, MA, Nov 2005 

^'Biomimetic Materials Design/' University of Michigan, Ann Arbor, ML Nov 2005 

''Designing Macromoiecules with Strong Similarities to Biology/' Kyoto University, 
Kyoto, Japan, Dec 2005 

"Antimicrobial Polymers and Supramolecular Materials/' Hokkaido University, Sapporo, 
Japan, Dec 2005 

"Designing Macromoiecules with Strong Similarities to Biology/' Tokyo Universitv', 
Tokyo, Japan, Dec 2005 
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^Tethered Biocides/' ONR Workshop, Maui, HI, Dec 2005 

''Metal Ligand Polymers for Supramoleciilar Materials," Pacifichem 2005 Congress 
Conference, Honolulu, HI^ Dec 2005 

2006 

"'Metal Containing Polymers for Self Healing Applications," Self-Healing Materials 
Workshop, Chapel Hill, NC, Jan 2006 

"Designing Macromolecuies with Strong Similarities to Biology,'' University of Illinois, 

Urbana, IL, Feb 2006 

''Designing Macromolecuies with Strong Similarities to Biology," Carnegie Mellon 
Universit>^ Pittsburgh, PA, Feb 2006 

"Designing Macromolecuies with Strong Similarities to Biology," University of Toronto, 

Toronto, Canada, Mar 2006. 

''Capturing Host Defense Peptide Activity in Simple Oligomers/' American Chemical 

Society, Atlanta, GA, Mar 2006 

"Designing Macromolecuies with Strong Similarities to Biology," Clemson University, 
Greenville, SC, April 2006 

"Designing Macromolecuies for NanoBiotechnology," PR-LSAMP, MayagUez, Puerto 

Rico, May 2006 

''Probing the molecu lar interactions of antimicrobial peptide mimics with SFCy\ American 
Chemical Society, San Francisco, CA, Sep 2006 

"Designing Macromolecuies with Strong Similarities to Biology,'' The Polytechnic 
University, New York, NY, Sep 2006 

2007 

"Designing Macromolecuies with Strong Similarities to Biology," Polymer W^est, Gordon 
Research Conference, Ventura, CA, Jan 2007 

"Designing Macromolecuies with Strong Similarities to Biology," University of Alabama 
at Huntsville Chemistry Seminar Series, Jan 2007 

"Designing Macromolecuies with Strong Similarities to Biology," Polytechnic University, 
Brooklyn, NY, Feb 2007 

"Metai-Containing Polymers," American Chemical Society National Meeting, Chicago, IL, 

Mar 2007 

"Designing Antimicrobia] Mimics for Host Defense Peptides," American Physical Society, 
Denver, CO, Mar 2007 

^'Nanotechnology at UMass-.Amherst," INC3 Nanotechnology Conference on 
Communication and Cooperation, Bmssels, Belgium, Apr 2007 

"How to Obtain That First Tenure Track Faculty Position," NOBBChE Annual 
Conference, Los Angeles, CA, Apr 2007 

"Designing Antimicrobial Mimics for Host Defense Peptides," Gordon Conference, Pisa, 
Italy, Apr~May 2007 

"Designing Macromolecuies with Strong Similarities to Biology," lUMACRO 2007, 
Polytechnic University, Brookly'n, NY, Jun 2007 
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"Designing MacrGmoieeoles with Strong Similarities to Biology,'' American Chemical 
Society- Fail Meeting, Boston, M4, Aug 2007 

"Designing Macromolecules with Strong Similarities to Biology," Biosensing Summer 
School Larmor-Baden, France, Aug 2007 

'Thenylene Ethynylene are Versatile Scaffolds for Bio-Nanotechnology,'' Iowa State 
University Chemisiry Seminar Speaker, Sep 2007 

"Designing Macromolecules with Strong Similarities to Biology/' 9^^^^ Intemaiionai 
S>iiiposium on Polvmers tor Advanced Technologies (PAT), Shanghai, China, Oct 2007 

"Designing Macromolecules with Strong Simiiai'ities to Biolog>','' STIPOMAT 
Conference, Les Diablerets, Switzerland, Oct 2007 

"Designing Fol>TOers with Strong Similarities to Biology" Rutgers University, New Jersey, 

Nov 2007"" 

"Antimicrobial ROMP Polymers" QNR Coating Workshop, Sedona, AZ, Dec 2007 
2008 

"Designing Polymers Similar to Biology" NEA Partner Science Day, University of Puerto 
Rico, Mayaguez, Feb 2008 "^Keynote Speaker 

"Designing Macromolecules with Strong Similarities to Biolog/' NOBCChE 35^^^ National 

Conference, Phila, PA, Mar 2008 

"Membrane- Active Synthetic Mimics of Host Defense Peptides" i'\merican Chemical 
Society Spring Meeting, New Orleans, LA, Apr 2008 

''Chemically Rich Macromolecules: Biomimetics to Advanced Materials" Macromolecular 
Chemistry Symposia, 101^^ National Meeting of the Korean Chemical Society, Seoul, 

Korea, Apr 2008 

"Designing Macromolecules with Strong Similarities to Biology" MACRO 2008, Taipei, 

Taiwan^ Jun-July 2008 

"Designing Macromolecules with Strong Similarities to Biology," American Chemical 
Society Fall Meeting, Phila., PA, Aug 2008 

"Chemically Rich Macromolecules: Biomimetics to Advanced Materials," University of 

Florida-Gainsviile, FL, Oct 2008 

"Capturing Protein-like Activity in Synthetic Macromolecuies," M\CROMEX, Los Cabos, 
Mexico, Dec 2008 

"Capturing Protein-like Activity in Sjiithetic Macromolecules," Eindhoven University, The 
Netheriands, Dec 2008 

2009 

"Chemically Rich Macromolecules: Biomimetics to Advanced Materials," University of 

New^ Hampshire, Durham, NH. Feb 2009 

"Chemically Rich Macromolecuies: Biomimetics to Advanced Materials," Global Center 
of Exceilenee, Kyiishu University, Fukuoka, Japan, Apr 2009 

"Landing Your First Tenure Track Faculty Position " NOBBChE 26^'^ National Conference, 
St, Louis, MO, Apr 2009 

"Novel Approaches to Non-Fouling Surfaces," Office of Naval Research Coatings 
Workshop, Portland, OR, Jun 2009 
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"Antimicrobial and Celi-Penetrating Peptide Mimics/' 2009 Bioorgaiiic Gordon Research 
Conference, Andover, NH, Jun 2009 

"Chemically Rich Macromoleciiies: Biomimetics to Advanced Materials," 2009 Polymers 
Gordon Research Conference, ML Holyoke College, Hadiey, MA, Jun 2009 

"Chemically Rich Macromolecuies: Biomimetics to Advanced Materials/' University of 

Michigan, Sep 2009 

"Chemically Rich Macromolecuies: Biomimetics to Advanced Materials," First Federation 
of Asian Polymer Societies (PAPS), Nagoya, Japan, Oct 2009 

"Chemically Rich Macromolecuies: Biomimetics to Advanced Materials," Competence 
Centres for Excellent Technologies (COMET), Vienna, Austria, Oct 2009 

"Chemically Rich Macromoiecules: Biomimetics to Adyaiiced Materials," Cai^dinal Health, 

Dublin, OH, Oct 2009 

"Chemicaily Rich Macromolecuies: Biomimetics to Advanced Materials," i 1^^^ Annual 
Pacific Polymer Conference, Cairns, Australia, Dec 2009 

2010 

Upcoming 

"Polymedix from Conceptualization of Synthetic Biopolymers to Commercialization," 
American Chemical Society Spring Meeting, San Francisco, CA Mar 2010 

C'ontributed Talks: (since 2902) 
2002 

"Simple Facially Amphiphilic Polj^ers as Peptide Mimics," American Chemical Society, 

Boston, MA, Aug 2002 

"CopohTOcrs Containing Metal Binding Ligaods for use in Supramolecular Materials: 
Toward Metal Induced Reversible Networks,'' American Ciiemicai Society, Boston, MA. 
Aug 2002 

"Phenylene Ethynylene Pol>iners with Amphiphilic Structures," American Chemical 
Society, Boston, MA, Aug 2002 

2003 

'Taciaily Amphiphilic Phenylene Ethynylenes at the Air-Water Interface," Pol>Taers West 
Gordon Research Conference^ Ventura, CA, Jan 2003 

"Facially Amphiphilic Phenylene Ethynylenes," American Chemical Society, New 
Orleans," LA, Mai- 2003 

"Amphiphilic Secondary Structure in Phenylene Ethynylenes," American Chemical 
Society, New Orleans, LA, Mar 2003 

"Aggregation Studies of Novel, Facially Amphiphilic Phenylene Ethynylenes/' American 
Chemical Society, New Orleans, LA, Mar 2003 

"Ortho Phenylene Ethynylene Molecules Programmed to form Secondary- and Tertiary 
Stmclnres," Polymers East Gordon Research Conference, South Hadley, MA, Jun 2003 

"Aggregation Studies of Novel, Facially Amphiphilic Phenylene Eth>ivyiene Materials, " 
Polymers East Gordon Research Conference, South Hadley, MA, Jun 2003 
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"Synthesis of rerpyridine Contaming Polymers with Well Defined Architectures for Use in 
Supramoiecuiars Materials/' Polymers East Gordon Research Conference, South Hadley, 
MA, Jon 2003 

'Triblock PLA-PEO-PLA Hydrogels: Structure and Mechanical Properties," American 

Chemical Society, New York, NY, Sep 2003 

"Strong Gels from Associative FLA-PEO-PLA Triblock Copoi>TOers," Society of 
Rheology, Pittsburgh, PA, Oct 2003^ 

2004 

''Optical and X-ray Scattering Studies on a Semi-cr>'stalline Triblock Gopol>TOer," 

American Physical Society, Montreaf, Canada, Mar 2004 

''Designing iSovel Hydrogels for Applications in Biology/' MRSEC-CAFP Joint Meeting, 

Amherst, MA, Jun 2004 

''Macromolecuies Containing TerpvTidine in the Side Chain for Use in Supramolecuiar 
Materials;^ lUPAC, Jul 2004 

^Triblock PLLA-PEO-PLLA Hydrogels: Structure and Mechanical Properties;* lUPAC, 

Jul 2004 

'Tacially Amphiphilic Phenylene Ethynylenes: New Amphiphilic Architectures and Potent 
Antimierobial Activity," lUPAC, Jul 2004 

''Synthesis of Polyurea Oligomers and their Antibacterial Study," American Chemical 
Society, Philadelphia, PA, Aug 2004 

"Cationic Facially Amphiphilic Phenylene Ethynylenes as Host Defense Peptide Mimics," 

American Chemical Society, Philadelphia, PA, Aug 2004 

'TLA- PEG-PL A Hydrogels from Triblock Copolymers,'' American Chemical Society, 

Philadelphia, PA, Aug 2004 

''Synthesis and Characterization of Substituted Oitho-phenylene Ethynylene Oligomers," 
American Chemical Society, Philadelphia, PA, Aug 2004 

"Capturing Peptide Activit\^ in Simple Oligomers: Access to New Markets and 
Opportunities,'' American Chemical Society, Philadelphia, PA, Aug 2004 

''Synthesis and Characterization of Terpyridine-containing Polymer with Block-Random 
Architecture via Raft Polymerization," American Chemical Society, Philadelphia, PA, Aug 
2004 

''Maeromolecules with Side Chain Terpyridine Motifs for Use in Supramolecuiar 
Materials," American Chemical Society, Philadelphia, PA, Aug 2004 

"Cationic Facially Amphiphilic Phenylene Ethynylenes as Host Defense Peptide Mimics," 
Materials Research Society, Boston, MA, Dec 2004 

"PLA-PEO-PLA Hydrogels;' Materials Research Societ>', Boston, MA, Dec 2004 

2005 

"Chemically Rich Macromolecules: Antimicrobial Biomimetics and Self-Assembling 
Metal Functionalized PolvTOcrs," Polymers West Gordon Research Conference, Ventura, 
CA, Jan 2005 
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'"Novel Antimicrobial Agents/' American Society of Microbiology, Atlanta, GA, Apr 2005 

''Influence of an Antibacterial Polymer on the Phase Behavior of Phospholipidsv' 
Biophysics of Menibrane-Pernieabiiising and Menibrane-Transiocating Peptides 
Workshop, Berlin, Gennany, Apr 2005 

''Supramolecular Afchiteciures Based on Metal Coniplexes>" Polymers East Gordon 
Research Conference, South Hadley, MA^ Jxm 2005 

''Controlling Mechanical properties of Hydrogels I hrough Crystalline Hydrophobic 
Domains," Gordon Research Conference, Pol>iners (East), South Hadley, MA, Jun 2005 

''Folding of Ortiio-PhenyleBe Ethynylene Oligomers Characterized by Solation NMR/' 
Pol v'iners East Gordon Resea£-ch Conference, South Hadley, MA, Jun 2005 

''Side Chain Ter^^yridine Polymers with Random and Blocky i\i'ehitectiire for 
Luminescence and 'Mano' Assembly Applications/' Polymers East Gordon Research 
Conference, South Hadley, MA, Jun 2005 

''Preventing Bacterial Colonization on Synthetic i^olymer Surfaces/' American Society of 

Microbiology, Haittbrd, C'i\ Jun 2005 

''Antimicrobial Films and Coalings," Films and Coatings Ciordon Research Conference, 
New London, NH, Jul 2005 

"Synthesis and Characterization of Electronic A^ariations of Ortho-Flienylene Ethynylene 
Oligomers," American Chemical Society, Washington, DC, Aug 2005 

''Tnnahle Hydrogels from FLA-PEO-PLA Iriblocks: Effect of Crystallinity of the FLA 
Block/' Society of Rheology, Vancouver, British Columbia, Oct 2005 

"Losing OystalUnity to Control Structure and Ideology of PLA-FEO-PLA Hydrogels/' 
AIChE Materials Engineering and Sciences Division Annual Meeting, Cincinnati, OH, Oct 
2005 

"Metal-Ligand Polymers Containing Lanthanide Ions/' Materials Research Society, 
Boston, MA, Dec 2005 

"Designing Polymers to Capture the Biologkal Activity of Host Defense Peptides/' 
Materials Research Society, Boston, MA, Dec 2005 

"Antimicrobial Biomimetic Molecules/' Pacifichem 2005 Congress Conference, Honoluiu, 
Hi/Dec 2005 

2006 

"Designing MacromoSecuies with Strong Similarities to Biology," ACS Spring National 

Meeting, Atlanta, GA, Mar 2006 

''In fluence of an Antibacterial Polymer on the Phase Behavior of Phospholipids/' Small 
Angle Scattering Conference SAS2006, Kyoto, Japan, Jun 2006 

"Designing Antimicrobial Polymers as Host Defense Mimics/' IL-PAC, Macro 2006 World 
Polymer Conference, Rio De Janeiro, Brazil, Aug 2006 

"Supramolecular Assembly of Polymers Coi^taining Metal Ligands in the Side Chain/' 
TUPAC, Macro 2006 World Poiymer Conference, Rio De Janeiro, Brazil, Aug 2006 
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"Biocky Macroxnoiecules Containing i erpyridine for Supramoleciiiar Materials," 
American Chemical Society, San Francisco, CA, Sep 2006 

"Designing Polvmers for Bioiogical Activity," American Chemical Society, San Francisco, 
CA, Sep 2006 

"Novel .^tibiotics for the Emerging Problem of Drug Resistant Bacteria,'' American 
Chemical Society, San Francisco, CA, Sep 2006 

20CI7 

''Synthesis and Activity of Novel Antimierobial Surfaces/' American Chemical Society, 
Boston, MA, Aug 2007 

"Influence of Lipid Composition on Membrane A ctivity of Antimicrobial Oligomers," 
American Chemical Society, Boston, MA, Aug 2007 

''IH NTvIR Characterization of Helieal Folding in or//?o-Phenyiene Ethynylene Oligoiners," 
American Chemical Society, Boston, MA, Aug 2007 

"Sensing Chemical Warfare Agents with Terpyridine-based Macromoiecules," American 
Chemical Society, Boston, MA, Aug 2007 

''Side Chain Ierpyridine Motifs for Supramolecular Materials," American Chemical 

Society, Boston, MA, Aug 2007 

"Amphiphilic I^oi}^ners Endowed with Desirable Aiitimicrobiai Propeities,'' American 
Chemical Society, Boston, MA, Aug 2007 

''Nanomagnetic Polymers," American Chemical Society, Boston, MA, Aug 2007 

"Directed Self-Assembly of Polymers andNanotubes into Air-Suspended Bridges," 13^^ 
Annual Kentucky EPSCOR Conference, Lexington, KY, Oct 2007 

Research FuNMNG 

Raised $13,938,720 since starting at UMass in September 2001 . Funding from federal agencies 
include NSF, NIH, ARC, and ONR.» This does not include my efforts on ma.jor center and 
equipment grants; it only includes research dollars directly into my laboratory, 
"^indicates J am PI where lam not PI only funds under my control are listed 
^direct cost only 

Current 

NiH LIOl (PI: Tew) - "Antimicrobial Oligomers for BioDefense and Emerging 
Food-borne Infectious Disease" $8,681,382 (06/09-05/14) 

NSF CAREER Award* - *Trogramming Molecules to Fold into Helical Structures" 
$5 15,000# (1/05-12/09) 

NIH:UPENN (PI: Wm. DeGrado) - "Antibacterial Foldamers'^ $500,000 (4/08-3/12) 

GNR* - "Natural Immunity Approaches to Anti-Fouiing Coatings" 
$464 722(0L^07-9/09) 



ARO (PI: Te w) - "Ferromagnetic Materials by Directed Self- Assembly of Novel 
Polymers" $450 JOO (09/09-08/12) 



NSF/NIRT: University of Louisviiie (PI: Bob Cohen) - "Directed Seif-Assembly of 
Suspended Polymer Fibers in the Fabrieation of 3-D Nanodevices" $345,981 (9/05-8/09) 

NSF (PI: Maria Santore) - "Surfaces that Selectively Manipulate and Kill Bacteria" 
$225,000(09/08-08/11) 

CUMIRP Part I: Cluster B ~ "Novel Hydrogels" $27,000, 10/08-09/09 

NSEC: CHM (Pl-Jim Watkins) ~- "Novel Water-based Assemblies" $15,000# (03/08- 
03/09) 

ARO* DURIP $150,000 (equipment gr^it) 

NSEC: CHM-JUNTO (PI: Jim Watkins) "Hydrogel Characterization" 

$23,25G# (11/08-10/09) 

MRSEC NSF fimded (PI-Tom Russell) - "Amphiphilic Block Copolymers" 
$25,000# (05/09-04/10) 

GATES FOUNDATION (PI: Tew) "C^apturing Nature's Weapons to Prevent Infectious 
Disease" $ i 00,000 (5/1/09-04/30/10) 

Pending 

Army Medical Research (PI: Tew) - "Antimicrobial Oligomers-Hamessing Nature's 
Immunity for Wound Healing" $859,293 (09/09-08/14) 

NIH (PI: Tew) - "Corneal Tissue Engineering: Designer Synthetic Networks to 
Reinforce Recombinant Collagen Scaffolds" $1,839,919 (06/09-05/14) 

NSF (PI: Tew) - "Guanidine Rich Synthetic Macromolecules: TraHsduction Domain 
Mimics" $581,647 (06/09-05/12) 

NSF: Polymedix (R. Scott) - "Antimicrobial Sutures" $40,000 (1/1/10-06/30/10) 

ONR: Polymedix (R. Scott) - "STTR for N09-T033: Novel IV Antibiotic for 
Acinetobacter Infections" $35,600 (10/1/09-09/30/10) 

ARO: Polymedix (R. Scott) - "STTR for A09A-T004: Novel Antibiotics for MDR 
Biofilra Injections" $35,600 (10/1/09-9/30/10) 

Army Research Office (ARO) (PI; Tew) ■■• "Novel Polymers Containing Metai Ligaiids in 
the Side Chain" $300,000 (9/1/09-8/3 1/12) 

Con^leted 

ARO Young Investigator* Presidential Early Career Award for Scientists and Engineers - 
"Supramolecuiar Materials from Metal Functional ized Copolymers" $500,000 (6/04- 
5/09) 

ARO-MURI (PI-Russell) - "Bio-Directed Hierarchical Assembly of Multifiractionai 
Materials" $300,000 (6/04-5/09) 
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MRSEC-NSB' funded (Pi-Tom Russeil) - "ABC Tribiock Copolyitiers" 
$27,000# (05/08-04/09) 

PolyMedix Sponsored Research* - "Facially Amphiphilic Polymers for Self-Sterilizing 
Materials" $325,660 (10/03-08/08) 

CUMIRP Part HI: Bausch & Lomb" $7,000 (01/07-01/08) 

DuPont Young Faculty GrajDt* $75,000 (1 1/04-10/07) 

NIf [ (Pi-Bill DeGrado) - "Proteoniics to Biomimetic Polymers: Engmeering Mnciples 
for Aiiti-Infectlve Agents" $4 1 1,785 (9/02-9/07) 

ONR* - "Bioactive Surfaces" symposia support $4,000 (8/05-12/06) 

ONR Young Investigator* - "Biomimetic Approaches to New Antifouiing Materials" 
$380,000 (5/03-5/06) 

CUMIRP- Cluster B-Polymers in the BioArena* - "Biodegradable Uydrogels" $90,000 
(9/03-8/06) 

Army Research Laboratory Center of Exeelience on Polymers (Pl-Sam Gido) - 
"Polymers for Suprarnolecuiar Iviaterials" $71,588 (1/04-12/05) 

NSF~MR (PI~ Thajiimanavan) - "Acquisitior! of a Gel Pen-n eation Chromatography with 
Multiple Detection System for Polymer Research and Education" $76,001 (1/04-12/05) 

3M Nontenured Faculty Award* $45,000 (7/02-7/05) 

Army Research Office DURIP* - "Maeromoiecuiar Sample Characterization" $99,966 

(1/03-6/05) 

MRSEC- NSF funded (Pl-Tora Russell) - "Metal Ligaiid Containing Polymers" 
$75,000# (5/02-5/05) 

NSF Research Site for Educators in Chemistry (FI-Tom McCarthy) - "Computational 
Prediction of Helical ortho Phenylene Vinylenes" $69,750 (5/02-5/05) 

Army Research Laboratory Directors Research Initiative* - "Decontaminating 
Polyurethanes" $35,000 (1/04-12/04) 

Army Research Laboratory - Center of Excel lence on Polj-mers (Pl-Sam Gido) - 
"Polymers lor Suprarnolecuiar Materials" $28,635 (1/03-12/03) 

University of Massachusetts Faculty Research Grant*- "Facially Amphiphilic Polymers" 

$15,000(2/02-2/03) 

Army Research Office Short Term Innovative Research* ~ "Biomimetic Polymers with 
Antimicrobial Activity" $30,000 (7/02-1/03) 

Total: $13,938,720 (not iacludrng pendiiig) 



Teaching 
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2001-02 Academic Year 


-FallTerm- \ 


j No teaching assis^nment 


z £ 


1 "Spring Term- 1 


fPSE760 1 


Orgarjic Polyimerization 
Reactions 


3 


23 1 




Chem 496 j 


Unde^rgraduaie Lab 
Researeh 


1 1 


i 


n/a 1 


2002-03 Acade0iic Year 1 


-Fall Term- I 


PSE603 


iPolyiner S>nithesis 

Laboratorv 


' 1 


20 


5,62 

1 


Chem 496 


Undergraduate Lab 
Research 


6 1 


2 


n/a 1 

i 




-Spring Term- | 


PSE760 


Organic Polynierization 1 

Reactions 1 


' 1 


36 


5,63 


Chem 496 


Undergraduate Lab j 
Research 


6 1 


2 


n/a 1: 


Chem 388 


Undergraduate Research 




1 


n/a ii 


2003-04 Academic Year 


-Fall Term- 


1 PSE 603 


Poiyiner S>aithesis 
LaboratQry 


■3 


22 


:555 


Chem 496 


Undergraduate Lab 
Research 




6 


■ — .«,.,^^^^^^^^^^^^^^^^^^>.>..>.....^ 

n/a |: 




-Spring Terrn- 


I PSE 760 


Organic Polymerization 
Reactions 


3 


:21 


5.01 


i 2004-05 Academic Year j 


1 -FaUTerm- \ 


PSE 603 


Polymer Synthesis 
Laboratory 


:3'' 


22 


1 5.88 j 


Chem 496 


Undergraduate Lab 
Research 


6 




j iv'a j 


MicBio 
I396 H 


: Microbiology Honors 
Independent Study 




1 




: MicBio 

11:696 ,, 


Microbiology 
Indei^endent Study 




; i 




iji; MicBio 
|7.96 


Microbiology 
Independent Study 




1 




l[ -Spring Term- 1 


1 PSE 760 


Organic PolyTOerization 
Reactions 


1 3 


21 


5.55 1 


2005-06 Aeademk Year | 


[ -Fall Term- j 



2i 



"psi607 


Introduction to Polymer 
Chemistry 


3 


26 


"X99 ; 


Chem496 


Undergraduate Lab 

1 Research 


3 


5 


n/a 


\ BioChem 
i396H 


Biochemistry Honors 
Independent Study 




2 


: 5.23 






Poiwer Swthesis Lab 


3 1 35 




PSE 897T 1 


Well-Defined 
Macrornoieculai* Arch. 


;i"3 |6 

f , 




{ -Spring Term- | 


[ PSE 760 


Oi'ganic Polymerization 

Reactions 


3 
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[PSE797D 


Scientific & Engineering 
Manap^ment 


i 


7 




[pSE 897T " 


Weil-Defined 
Macromolecular Arch, 


1-3 


9 





STUBEN'r Thesis Committees 







Ji f* 1,-/5 fffS ^^i-ri' 








PhD 


Cuirent 






Phil 

X lit--* 


( nrrcnt 

\ ■■ V* i A V' i i 




Pol V9ifi (^v f^r;i 


PhD 


CiirrcTit 






PhD 


Oraduated 




PoKwer Science 


PhD 


Gradiiated 




Po!vmt*T fscicTicf^ 


PhD 


Graduated 




i iJi yirivl Ov'lwAlvV 


PhD 


Orsidii^ited 




i Uljiiivi Ov/i&'iiv/v 


PhD 


Gvftdt]f!tf:d 


r 3 rax iiKcr 


i oiymci f3Cieiit/C. 




VJi cJiJUatCU 


C ^ r"* >^ J t y\ V*%'7^ 

L-aLneiie /vrni 


A OiyDlCT OUivU.'v^t 








kS-> Ay e Jl 8 C J s!>^ i Vil\>.. U 






5r?i>^l: vijfi Sohn 


Polvmer Science 


PhD 


(riraduated 


Jason Remiie 


Microbiology 


MS 


Graduated 


Kyoung-sik Cliin 


Chemical Eng 


PhD 


Graduated 


Praveen Sharma 


Chemical Eng 


PhD 


Graduated 


Chandrakant Popere 


Chemistry 


PhD 


Current 


Chae Kyu Kim 


Chemistry 


PhD 


Current 


Adrienne Carver 


Cheniistry 


PhD 


CuiTent 


Dipai^kar Basak 


Chemistiy 


PhD 


Current 


Basar Gider 


Cheinistr}^ 


PhD 


Graduated 


Arlicia Grant 


Chemistry 


PhD 


Ciraduated 


Hao Xu 


Cheniistry 


PhD 


Graduated 


Hiroslii Nakade 


Chemistry 


PhD 


Graduated 


Jitapa Sumranjit 


Chemistry 


PhD 


Graduated 


Kulandaivelij Sivax^andan 


Cheniistry 


PhD 


Graduated 


Jeff Maitin 


Chemistry 


PhD 


Graduated 


Patrick Taylor 


Chemistiy 


PhD 


Graduated 


Travis Benanti 


Chemisir}^ 


PhD 


(Jraduated 


Safe) Abaoku 


Cheniistr}' 


PiiD 


Graduated 


Kyrs Bronk 


Chemistry 


PhD 


Graduated 


Sarah Lyon 


Chemistry 


Undergraduate Honors 


Graduated 


Courtney McConoghy 


Chemistry 


Undergraduate Honors 


Graduated 


Katelyn Spiliane 


Chemistry 


Undergraduate Honors 


Graduated 
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Eric Turnberg 
Tatsana Shalapyonok 
Jelf Dabkowski 
Chris Nelson 



Chemistty 
Chemistry 

Microbiology 
Mkrobioiogy 



Undergraduate Honors Graduated 

Undergraduate Honors Graduated 

Undergraduate 11 on or s Ciraduated 

Undergraduate Honors Graduated 



Service Contributions 



7b the University: 

L Faculty Participant, Materials Research Science and Engineering Center (MRSEC), 
2001 -present. The center coordinates collaborative polymer research efforts on campus 
under a multi-investigator NSF grant. Reviews are held on-campus twice annually as 
part of the renev^al process. For the 2001-02 renewal, I was a major contributor to 
writing the final proposal as part of IRG IIL This new IRG effort increased the MRSEC 
funding by 33% from past years. My role in outreach md diversity has increased as tlie 
Center's focus on this area has expanded, 

2. Faculty Participant, Center for UMass-Industry Research on Polymers (CUM[RP), 2001- 
present. This center organizes polymer research beuveen the university and industrial 
partners. Two on-campus reviews are held annually, I actively participated in the 
planning and formation of a new cluster (Cluster B- Polymers in the BioArena) which 
currently has three members that are entirely new to CIMIRP. These include Johnson & 
Johnson and Boston Scientific, Attracting new CUMIRP members is essential to 
expanding the financial base of this center as opposed to past trends in which new 
clusters were fomied by moving companies frorn old clusters, I co-organized the 2002- 
2003 CUMIRP workshop, *Tolymer Biomaterials'' and the 2003 Fall poster session. 

3. Executive Committee Member, Chemistry-Biology Interfaces Program (CBI), member 

since 200 1 ^ Executive Committee since 2003-present. This is a campus-wide NIH 
funded program to train students in the interdisciplinary interface of chemistry and 
biology. The program meets monthly with presentations by the active faculty and their 
students. 

4. Recruiting Committee Chairman, Chemistry-Biology hiterfaces Program (CBI) since 
2003-2006. This committee is charge with recruiting responsibilities for the program 
including minority recruiting. Because this is a non«degree program, recruiting spills 
over into departmental efforts. There are representatives from Chemistry, Chemical 
Engineering, Polymer Science and Engineering, and Biochemistry. As chairmaQj I 
helped integrate this effort with the larger campus-wide NEAGEP. 

5. Recruiting Committee Member, Chemistry-Biology Interfaces Program (CBI) since 
2006-present, 

6. Participant, Lunch Panel, *'A Ph.D. is not Enough." This is a student-initiated effort to 
increase mentorship within the graduate student body on the UMass campus. It is 
generally in-line with a larger goal and, now, campus-wide mission to increase 

mentorship activities on Campus. 

7. Member, Equal Access to the Sciences for All Genders and Ethnicities (EASAGE) 
committee since 2004-present. This is a College-wide committee to address greater 
diversity access in the physical sciences. 

8. Faculty Mentor, NEAGEP, 2004-present. 
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9. Recruiting, Science, Engineering, and Heaith Professions Collaborative Symposium, 
January 19, 2006, University of Connecticut. A diversitj' event. 

10. Speaker, IGERT presentation for PSE course 590 A, ''Nanotechnology from Lab to 
Product" to discuss translating research into technology. 

IL Member, Stocki-oom Bid Committee, 2003. Our responsibility was to evaluate 
competing bids for the chemical stock room located in the basement of LGRT, This also 
included gathering feedback from my depaitment on the need and use of this facility. 
We, the committee, proposed a recommendation and supervised the implementation of 
this recommendation. The stockroom was converted from VWR to Fischer and most 
patrons have expressed pleasure with the new stockroom, 

12. Co-organized the 2002 Lenz symposium held at the Campus Center. Although this 
meeting was held to recognize a retired PSE faculty member, the committee raised 
money and organized an intemationai symposium held on campus which highlighted the 

UMass scientitlc; community. 

13,1 participated in the campus effort to establish the Security, Emergency Prepai^edness, and 
Response Institute (SEPRl), which assembles talent campus-wide to address current 
challenges in homeland defense^ I was involved in the initial planning meetings with 
Vice Chancellor Fred B>TOn and presented at the kick-off meeting held on April 29-30, 

2003. 

14. My involvement with PolyMedix led to a term sheet with the University in which 
PoiyMedix expects to contribute 1 million in research dollars to my lab over the next five 
years {as of January 2006 this total is $356,140). In addition, the University gains a 3% 
ownership in PolyMedix. This activity nicely illustrates the integrated scientific and 
technological aspects of my research and how tiiey can benefit the University in multiple 
ways, 

15. Active participant in the NEAGAP program on campus. This involves the targeted 
recruitixig and development of minorit}^ science students for careers in academia. Other 
activities include screening, hosting, and interacting with undergraduates as part of the 
SPUR program run by NEA. My paiticlpation has built and strengthened PSF/s 
recruiting and retention mission with the larger U'niversity effbrt on diversity. Attended 
the National Organization for the Professional Advancement of Black Chemists and 
Chemical Engineers (l^OBCChB) national annua] meeting 2004, 2005, 2006, 2009. 

16. Annual reviewer of abstracts for the Commonwealth Undergraduate Research 
Conference. This past year was the 10*^ annual and my second term as a reviewer (2003- 
04). 

17. Co-organizer, American Chemical Society Polymer Division 6"^ National Graduate 
Student Research Conference, (also listed under Departn\ental service). Because this 
conference attracted nationai and international attention, it is listed as University service. 

To the Polymer Science and Engmeering Department 

L Member, Departmental Awwds Committee since 2002~present. This committee 
responsible for identifying, nominating, and pursuing awards for PSE faculty. 

2» Member, Space and Facilities Committee since 2002-present, This committee is 
responsible for overseeing and allocating research and office space within the Conte 
building. 



3. Member, Polymer Synthesis Curriculum Committee since 2003~present. This committee 
is responsible for updating and evaluating the synthetic polymer chemistry' component of 
the department's graduate studies. 

4. Member,, Recruiting Committee since 2003-present. This committee is responsible for 
increasing the number and qua!it>^ of graduate students admitted each year. Our first 
depaitmental recruiting material was developed, which is ax\ 11x18 poster with tear off 
cards with departmental information. We have also created a trifold, single sheet flyer 
for mass mailing distribution. We changed our recruiting strategy to inchide a weekend 
recruiting event for prospective 1"^ years. Another change included eliminating the 
'interview' process for tlie highest quality prospective students. 

5. New website, co-organizer of the effort to launch a new PSE website. 

6. PSE Facultj^'s Publications Book. I developed and created a single volume book that 
included all of the PSE faculty publications for 2004 and 2005. This was well received. 

The 2006 edition is in the final stages of printing. 

7. Member, 2004-2005 Faculty Search Committee. 

8. Co-organizer, American Chemical Society Polymer Division 6^" National Graduate 
Student Research Conference- This conference is focused on graduate student 
presentations. In addition, special sessions were organized on Career Development and 
mentoring. This conference had the lai^gest attendance to date. In addition, we had 

intematioeal participation. 

9. Member, Panel for Scientific Management Class, 2004 and 2005. Paiticipated on this 
panel to discuss 'my path to a tenure track faculty position/ 

To the Professional Community: 

External Educational and Professional Activities: 

L Co-founder and Scientific Advisor Board member, Polymedix, Inc, Philadelphia, PA, 
6/02~present. 

2. Member, ACS Polymer Division boai-d, 2002-current. 

3. Alternate Couneilor, ACS Polymer Division. 2005-current. 

4. Program Committee, Polymers West Gordon Conference. 2006-2007. 

5. Co-chair, Graduate Research Conference on Polymers, Gordon Conference, 2006-2007. 

6. Member, Editorial Board, Pohmers for Advanced Technologies, 2006~present. 
1. Program Chair, ACS Polymer Division, 2009-2010. 

8. Co-organizer, NOBCChE, y\prii 2006, Workshop entitled ''Landing Your First Tenure- 
Track Position/' This workshop outlines the practical steps taken by recent young faculty 
to secure their positions. 

9. C0"0rganizer, 2005 ACS Fall Meeting symposia entitled "Bioactive Surfaces aiid Their 
Applications." 

10. Co~organizer, ACS Polymer Division 6^ National Graduate Student Research 
Conference, June 2005. 



i i . Co-organizer, ACS Polymer Division 2004 Biennial, Oct 2004. This is the keynote 
meeting of the ACS Poiyrner Division- This symposium addresses current topics and 
aims to set the course for emerging and fiiture areas of polymer research, 

12. Session Chair^ Polyiners West Gordon Research Conference, 1/03. I was invited by the 
Conference Chair and co-Chair to moderate the morning session of presenters. 

13. Chair, ACS National Fall Meeting, Biomacromolecules Session, 20G2, 

14. Secretary, Oak Ridge National Laboratory, Center for Nanoscale Materials Science 
Workshop, 2002 

15. Volunteer, Encouraging Tomorrow's Chemists, Middle School Outreach, University of 
Illinois, Urbana, 8/96-1 2/98 

16. Panelist, National Science Foundation Panel, VA^ 08/08 

17. Chair, ACS National Fail Meeting, Polymer Chemistrj' Session, 08/09 

Reviews of Publications and Proposals; 

Proposals 

National Science Foundation (NSF) - Reviewer for the Divisions of Chemistry and 
Materials Research 

1 . Organic and Macromolecular Program 

2. Poljraer Program 
NSF C AREER Panel 

NSF Nanoscale Integration Research Team (NIRT) 

Petroleum Research Fund 

National Institutes of Health (NIH) special study section 

Depaitment of Energy, Center for Nandphase Materials Science, Proposal Review 
Committee 

Journals 

Listed in approximate order of frequency 

Journal of the A merican Chemical Society 

Angewandte Chemie 

Maeromoleeiiles 

Journal of Polymer Science-Polymer Chemistry-Part A 

Biomacromolecides 
Journal of Organic Chemistry 
Organic Letters 
ChemisUy and Biolog}' 
Polymer 

Chemistry: European Journal 
Chemical Communications 
Chemical Materials 
Langmuir 

Journal of Materials Chemistry 
Journal of Physical Chemistry B 
Biomaterials 

Macromolecular Chemistry and Physics 
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Tetrahedron Letters 
MRSBtJietin 
Soft Matter 

Journal of Controlled Release 

Journal of Industrial Microhioiogy & Biotechnology 

Advanced Ftmctional Materials 

Biochirna et. Bio Physica, Acta 

MicrobioIog)r'-SGM 

Molecular Gystals ofid Liquid Oystals 
Polymers for Advanced Technologies 

Consultmg Activities: 

Poljuiedix, inc, Philadelphia, PA, 2002'-present- 
Pestaway Coinpatiy, West Falmouth, MA, 2003-2004. 

Research Group 

Current Postdoctoral Research Feilom 
Dr, Abhigyan Som 
Dr. Jing Jiang 
Dr. Ke Zhang 

Current Gradmie Students 
Semra Colak -4^"^ year 
Raghavendra Maddikeri ~~ 4^^ year 
Arife Ozgul Terife ~ 3^'" year 
km Cui (with Ai Crosby) - 3'"^ year 
Hitesh Thaker - 3''^' year 
Y ongping Zha - 3^^ year 
Melissa Lackey - 2"'^ year 
Michael Lis - 2"^ year 
Catherine Walker - 1^^ year 
Katherine Gibney - 1^' year 

Current Undergtaduate Students 
Joshua Grolmaii 
Nidhi Kumar 
Nikita Nayyar 
Kewei Zhang 
Avitai Percher 

Group Alumni: 

Jeremy Rathfoii 
Sterling Alfred 
NaoiBi Sanabria-DeLong 
Khaied Aamer 
lieora J ones 



graduate (Ph.D j 
graduate (Ph.D.) 
graduate (Ph,D-) 
graduate (Ph.D,) 
graduate (Ph.D,) 



Post-doc, Duke University 
W, L, Gore & Associates 
NlSTj Biomateriais Group 
Sen. Russ Feiingoid's Otllce 



Lacheile Amt 
Jason Phiilip 



Jason Rennie 

Ahmad Madkour, Ph.D. 

Karen Lienkamp. Ph J). 
Raja Shunmugamj, Ph-D* 
Morris Slutsky, Ph.D. 
Gregory Gabriel, Fh,D. 



graduate (PheD.) 
graduate (MBA) 



graduate (M.S,) 

post-doc 

post-doc 

post-doc 

post-doc 

post-doc 



Zoha AL"Badri, Ph.D.post-doc 



Haizhong Tang, FhD. 
Jeff Dabkpwski 
Sarah Lyon 

Chris Nelson 

Kateiyo Spillane 
Yeiena Urgina 
Dannon Stigers 
Jack Peters 
Tatyana Shalapyonok 
Kateiyn Spiiiane 
Debaiiti Sengupta* 

w/Patricia B. O 



post-doc 
graduate (M.S.) 
undergraduate 

undergraduate 

undergraduate 
undergraduate 
undergraduate 
undergraduate 
undergraduate 
undergraduate 
undergraduate 
'Hara, Amherst 



Clorox, Inc. 

Aithur Lok Jack Graduate 

School of Business, 

University of the West Indies 

UMass Worcester 

Dow Chemical 

llnvv, of Freiburg, Germany 

LLS.E<R., Kolkata, India 

UMass Dartmouth 
Kennesaw State University 
Ashland -Hercules, inc. 
PolyMedix, Inc. 
Northeastern University 
Massachusetts College of 
Phamiacy & Fleatth Sciences 
Massachusetts College of 
Pharnuicy & Mealtii Sciences 
UC-Berkeley 

Westfield Eiectroplating Co, 
Univ, of New Hampshire 

Ion Corp 

N, E. School of Optometry 

UC Berkeley 

Stanford 



Graduate Visiting Scholars 
Amelie Koch 



Federica Sgolastra 



Ph.D. Candidate 



Ph.D» Candidate 



Technical University of 
Munich, Gemiany 
Polytechnic University of 
Marehe, Anconaj Italy 



Undergraduate Summer Students 
Aaron Zimmennan 
Jordan Gruskay 
Aleksandr Gerasimenko 
Louis Perez 
Yamalia Roberts 
Yeon Choi 
Adam Hathome 
Cartney E, Smith 
Jesus Garcia 
Ashlan Musante 



Swarthmore College 
Amherst College 
Oregon State University 
University of Florida 
University of Connecticut 

Columbia Univ. (currently a grad student at UC Berkeley) 
University of Southern. Mississippi 
Brown University 

University of Puerto Rico, Mayaguez 
WTieaton College 



Elizabeth Radwilowicz 

Angela Cote 

Paralee King, Chemistry 



Belchertown High School 

Ralph C. Mahar Regional High School 

Quabbin Regional High School 



Undergraduate Research Exchange Students 

Desiree Weller, University of Mainz, Germany 

Anika Reuters, University of Maim!:, Germany 

Henning Schafer, University of Mainz, Germany 

Christoph Kins, University of Mainz, Germany 

Sang Hyuk See, Seoui Naiionai University, South Korea 

Helga Seyler, University of Mainz, Germany 

Tom deGreef, University of Eindliovenj The Netherlands 

Active Scientific CoHaboraiiom: 

Prof. Barbara Osborne, University of Massachusetts- Amherst 

Pro£ Jxim Anguita, University of Massachusetts-Amherst 

Pfo£ Surita Bhatia, University of Massehusetts-Ainherst 

Prof William DeGrado, University of Pennsylvania 

Prot Miehael Klein, University of Pennsylvania 

Prof Ka-Yee Lee, University of Chicago 

Prof. Klaus Nllssiein, Universit}'" of Massachusetts-Amherst 

Prof. Susan Roberts, University of Massachusetts-Amherst 

Dr. Reglne Willumeit, GSSK, Gemiany 

Pro£ Zlian Chen, Universit>' of Michigan 

Profe Gerard Wong, University of Illinois 

Prof Robert Cohn, University of Louisville 

Prof Robert Keynton, University of Louisville 

Prof. Gareth McKinley, Massaclmsetts Institute of Technology 

Prof Ji- Young Chang, Seoul National University, Korea 

Prof, Shen Ye, Hokkaido University, Japan 
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Ethynylenes," Polymer Preprints 44 (1), 1266, (2003). 
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Amphiphilic Phenyiene Ethynylenes," Polymer Preprints, 44 (I), 673, (2003). 
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(2003), 
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